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4 » S f t 4 €f f 
mmW, Hil:i in MSi mmm #ip^^« It l£tfolir«i Imm miM 
tf M f^ i^p4@lii^ fit mwimB mmtmrn'^w m^ wmwiim*^^^^ 
ti lt w^mmt Vk^mml^m^. #f #ie I^H t^ ^<pfti«« aioirt tiist 
^^ti#i«iii^Yii t i t s i f wm ^ tf^^ ^^^ iKi^ iUi^ u^ y»i an lit* 
j^t«i« mmm %tis« i i x t ^e t i %# |pigl'l»^ii«l winp^iiii. 
m0m iM %Bmm nf -Hi® .|^ ftSi«it«tit' f4 noi .f|| ^f t i t t i i t ^ i i 
f t i ^ t t i t * it»&t t ie »t i% @f HHlMf « r ^ i ^ f xo i ^ t l i ^ li» 
• *i» 
melmm mtiX9S,em i» ««aidioii* A stac^ of i:if«xd 05 
«iix|idf>tt «iqH i^^ d '^ f4 6«T/$ pm^m hmm fmm t i* ^Bi 
«&ti«3« ^<$. Um of l^t fziati7 ^m of pit»^ eiMi D«« I«MII 
2 ^ 1^ 4 7« lfe« seaisiJUig «ffioi«uiy tet ^& almam vilH 
S|^ « U htm tmm t&sM to Iw m^ imt 9 ^ n ^ for Hio otiifo 
idiiii *^ >^ 5 i t i « ^ lOOJ^  tilt aifiii fjffoo paMp ^ t ^^ f^ 
«U tl!« UQitoantoU^ Qtf oo»»» out to \m 0%M z 1»09 > Oa* 
Into t!#o e»^m»tim m> m&-nt9 vifSi \ ^ ^ ^ ^ ^oao viHt 
i|^ < 0« tht wmlm idth ^ >^  @ tofa asiinlf lito to ia^oN* 
noti^t iriili li^ Ev^ r C4f Br > ii»ol.«l i ^ l o Hit of«ato mtb 
ii|^  < S mr i2rN»:iiro 1)0111 liofcv^ si» voll «» l i # t ((^0 > 
gmpp$m Honof•2't for tho fttuai' of p^ §3BA pM^ f foe i^ Uto 
oan^t ao^sfttl^ ^ or«iti i t mt rs^^ twpm^mxlk ^m 
hft^ti m»x9tmmi, talcoa tho otoe^ to hmim \^^ ^ diit to 
tlto mt^znoMoiio i d ^ lios^ mioloi aiia Itio o w t s histing 
1^ < a ^^ to tNt Siitfi»ot&®»ii idfl! l i # t mmVA of %t 
^0n ^toaieie ^meimm mmmmsm%9 %si9^ hwm m^ on "itt 
^S^ > tfii <a^> turn l!H« iit^tii nims 8^  >^B ftuwt law® fe»afi 
te U (15*51 ^ 0#1T )» (4«5T ^  0»^ >i CI0#90 40*14 I itf»« 
C t^tS j : a* 14 > foir »tikf9 ffitlt ^ ^ d» fhvM iniija** mm 
mss^wimmtt^ tdi? ^» etaw vim t^H^ ^ tf < \ > t <^ *-> # 
cB^> m^ c n^> «#»« m% u INI (4#^t x M l ) t CItl®a 
v l ^ a ^ l ^ ^ ? us i^ t^sli^ d 1>^  tliniMa«3^  «&tC4«siOa0«|tH 
(%^m s O#0« ) t i 2^2 jfc o»Of > and C4*^ ^ §•15 5 mt^m-^ 
tsrilNma m» ttppwmAm^lst i^ ^« i»i^e Idil^l In east of 
l i# i t m0l9i hm bota foena t© U I I * 5*1* th# «iiftiloii 
• lir 
for ^« »tmm idl% ^^ 1^^ ? 1^ 9 eonpiiq i^oiiaiiif Yftltttt ft»i 
(»lHitrt«<l %e ^m muitt^ m iralftfiirtl^ liMi^Mf gtmm in Hit 
lieirrjr lui m%X m $M l i#tt «x«>i^ » 9f astel^* fit* Hf«»«• 
f#r p^toiidi d^tei»»i«t txttesft and M lh% p« * aittsli 
| i # t mieli^* Xt lias tstm ebttfv^ flist tti« i>« « dli^^4» 
lm <^»3i f t »lmt @ieii« ie#ii not ioWom ii aosai^  i ^ t ^ j ^ 
i?t«ilxi» fh« saae ia aiffti^iit Itttwrriilft &f fi^mimt s t i l l * 
pli«it7t In cmm of plont ISift v«lu» of ^ f , > inoiviuMMi 
•» V • 
l^gf lo^ i t ebs«»rta t9w o^«y prnfUet^f* fox »%mi9» ma 
«eU m 0%m pi«i» < { pj^ / > i« itid^ piN:i<l«if ^f l i * ami* of 
ft»d ft i9»<iXtoii of 1^ 9 tm^fttt* I t id tmmi ikmt ip*> ^9t 
% 
pirO^mVi €9lt^nH»lt M t l » l 8 and I f C illft»HMMHl ^ l i h H i * M A t 
«^ fht tMltttd p»f^ei«ib i^i* immm9 is ^ t « i^ egiilir 
igad oft^ r b« 0,vm fey ISio oapixiciQl vtlAlioiii < 5-> • 
C10S A %»m ) li^^*^ * ^ ' ^ ^t iAw?i H 4» tilt Mtv of tbo 
imirHoIo ia Imwm of psotoa auMni* towtteiTi tht pioao do 
aot o^y ^0 «lio^ t«l«tl^s* 
^o I^ ll«dlotel1>otioti9 for j^ zotono* dmi«mm m^ 
tfltona foif tioth t:^mi tit sn^ioi tmvo bota foimi to t>o 
mi^m»mU& by i^t ia^reo^oni f {p^^ ^ | f * ^ ^^^ 
2 2 
( # o< p|| ) %| | i^«m 4 and »^  «ft om»1i«&t«t %o 
olon fiotio «^  xm% foUow "tio ftltovo ^ otelli«lie» f^ aotlCHeii* 
^« [ f I I I »p*etPim of itfKwtv fiiono in UU oyott« H M 
beou foimi to foiloir m easpmm^nik dlitsdlmtioti fmaomoa* 
flio v«XtiMi of ^} 9||| > for ^ffotont pirtioiMi tiiifo )Niiii 
foiuiA to lit i»dep«Kti«[^ t of 1$iOi olioirof iBlttfli«i^« fho 
Qireaig« vatno of i p|'| ( for #!Oitf^  psr^elm m voll am 
$low pi&Bm sro f omd to aoi?«Kft Bixmgl^ im tito oiioi^oii 
««iilo in 01 «jntei» I t IIAO alto htm fomd tliftt < I 9 | | | > 
inonttooa idth ^0 partloio met ia '^o osoo of pfot^iot 
doutoronst tfiteiii oitd Ho^ 4*moloi« for tbMio ]^«rtiolM 
f i t C] f | | \ > ^^' mffm^m$i€ % ^.« na^^sttsl Ptl«.^i^ 
i t i ^ ^ei i^ «f tiKnNii? i^ im§# Ti^«Hi0 «1ti^iet«it«tieft ^ 
^M^^ t lad M^*im&%^ %mm ^mm tmxi^ ^ l^ ^ «dltlliii^t liMt-
•^ "vSJk, <*** 
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It givmi m wemt ptwsmvn to m^mm w^ 9$m%m 
gif^titiiaii to Wmt^mmr tki^ik, mtffL i^o im^matieod ao ^ Hit 
au^^oet 3;»i*«3MBif9a in t i l t thtdLn mid i^ «« ^m u eensta&f 
iK^ imHi of t^ikmti m4 mo^mrttmrnm^ for &»« 2 «» tiXm 
t m t o f O l t o ffOfOSSOr MG d^t %%tiSSt i ^ l t a ^1«EI | WOR^ o f tllO 
fhinlod Bopartacaitf AUculi llnolia tM^osiifyt Aliiaz*! f07 
%i« kii^ iatoa^ot In 1^ ¥eiek m6 t99 €klmdm »> to us« tlX 
tlio faeiMl^ iMt msS^lMM la tho 9ii«X«tif Itelslos tmhoxmt^tf 
of thiol 1Dif«rt»mt« I m ftleo ir«»3r i i ^ tliaiid i^ii to 
S>r« MD^d» SafftTf Whoso «&1l)iiideo» foar tho m^oot IIM 
rojBftiiiod « e<ma i^it ooutoo of inspiittl^oa for BO* Wia 
eojoiKito oiia oox t^ittoi^ vo imsitotifiiis l^ arto ioitt a lose 
vtor In 0Mm tlio HJifti ii^ i^ o ^ tliis voslr# % tipfeiiii 
^mMn avo ate to I^ « Mdt Ixf(gi for xna^xiiic m hiw 
t«iti«Ho %oip in ia<3?mii;lfii t^ o latttor tzt Its psmsint tewk 
liajr aioottooioQi mtii ir« ai»z« iihotmi at faflotto otogoo of 
fhio voaet lt«ra provod fix^ Ittipl^ for no for i^lc^ 1 AS 
N^q>lir indolrUS to Ills* 9^ 0 maimm of #to fnolatr Sfuloifiii 
l«lioi?«toxgr BKVO ilmuw ^oia idnd ooough to m^mA 1h«lr 
%«il4iif t^ oiidii ^ m ^mmwt It vao ronidrii in trio fiooro 
of iio«d» X ^l£o thio oiportuni^ to om^w agr U^)e<«Po 
tlteidco to idi of thou ei i lootiY^ so voU iMi inaiiridiioUf* 
m p^ufeUir i» i %* V«i^ liumfi i»ir tiMiii m^m yi^ Msft l» l i t 
tilt ikmf*9 ^Hxmm mmti^* 
I^ Mit %nt m^ lilt lMt»% I itlili t t INiflli iQ^  ulit ftr; 
l^fic^i^tli^it In lo^ili^ «fl^f Hit ^vt fliilAiift siitii iM 
I tlte iiiiiii t t l^ tiMi f ^ C^oittil t f Mti^Nlllii i ^ 
iftliit^rltl iitM3»^» Itanrtnittiil «f lal^i^ f t r gi^ ldUMr m 
^9 ^mm ititiaK^ fgmwililt tern %fB 1» lf?7« 
iiiitii» tiittui^trt 
«• i t i '• 
|''nn&iij|iiiiliiirJl.iiiB«iii 
eolUftioiit ftt S!4 ^ T eii«ti2^ et th« iacidi«fit pmtomi* 
In Cfii^tef t mm irtactitii of liadroaie iiit«ime'lio]ia« 
th« fi»d«:i« ps690fi9d tQW «h« latexftetioa wi^ai&i8» and th« 
i^Kitil t«cluii%tt«« Yft3Fi6tt6 mmmtmBrntm ^Xdh htcw% boon 
md« lA tite ]pi«8fn% iavtotii^tlciiii tl!0 cwitojlm for saltto* 
tiitff l$it Kvoatt liid 1^ 0 ^jslo of iiot^nft tho «v«ii^ into 
Itocvar i&i ligljt iiwepd of tmoi^ of mtoaoaf e»ai i« i li«f • 
boon ais(giit«t4» 
(%m^ t«3? XII t^eldS V i ^ tlltO <^0XilMKlt«X Z««tlit» 
of pfototMEmelotio int^moti^^s ftt 24 doT/o* It i« dlfidoil 
ia1»> ttio parlft* ^o firot past ao^o iritli fho roiiatt of 
tlio oToato piodtaood atie ts> t^ io int^^otiono of pxotons vith 
iio«t^ is^ oXoi {Ag Br )« ^ e ovento #io to tiso oeUislcmo of 
pxotoao with t^e U#i t itmo) spemp of niiol«i aara tiiron in 
t^e aooond pi»et of Hiia #!«pt^« 
- I V -
mm 6imel,i2ftlciiuii T^mx^^m.. the imt^me^mi ms^imi9m In 
©f 1»ie8© ?«iaitts» I t hm l>t®Q fooai that th« iat^Ricr^^m 
i^^i^iissr Is mm t» %ot!i fb't g^e^ps &f mt^ elal of wi&lmm 
mmtt^mm B^im @Um pi.m& obssxvod in tMm |]it«me^eit& 
hm^ hmm iMmpt9%B& t© «oise fmm t*s« low «ii«i!®r tall© ©f 
>&%ep mt^mism tn n^spm^W,^ fear fht mltif in^elo pz^aao* 
ti9ii la imtlaeiMHK^eiis «otlt^«SLa ^t t4 &97/<i. Hit i^ iacet^  
pi^etKs tm0 hmm tmm€ t$ 'b@ tite 'Hfeelsr ot^^aise for Itid 
pit}da<$^oii of li#if«r f£aip9iit»« 
A «a«a)ir|^  of %o I^SIE ddsciiit^i I& tht %0i4» 
@].0!i£wi^  Hie ^^ Uud mimkB l» i^t«ii la Ohi^ tosr ?• 
m ^ -m-
##•• 
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%$U Ms^fMmm^H S^islto oft Wmm iNilii H 






• f^ MMI # 
|#tt f i i t i ^ i m t f <i> ullfe <%> tear 
a t f i m t p ^ i i i f i t f is. 
(111 ti^m^$mmmoi<f;r> m <9^> • f^i 
5*7* Cid YixtfttKm »f ^iis«vtari« wamtwi 
•2)tf tlov pioiit ^^ fht «sigi« «t mA* 
%% V«rlfttiQa 0t Hit tvuksf ivti mmmism 
of th« viaoiidttrr P«X^«XM* 7 ^ 
the ttsiit of oiiMi^^Itt 1$)« lAlii 
«:r«t«a» sis 
inln« of tonfiitiiaiitoi »iMBtHii of foot 
i&S oleif ^01^ in tio OX oystMi lili 
5«1t« C# Bo«tt^ plot of (J* A» o flmo l^oii 
of U^ittofsr mA9iAm mgim for 
fiont ill ^0 fXMont oxi^ oHaioto* C^ 
* E * 
f ICi 
9#||« fiiliitlett .^ mmmm mAmfUm itmmmf 
f l i t »t<»MaPir |)iartli^MH^ fj^i 
f«1f# iif«fi«iii»#<^ < l t | l i > tdfh ( ^ 1 ^ 
• jdl * 
ftm 
^ m&m^m of mii^mm% pusM^tmh i f 
$f atiitMEimiji MMI. l»tti^i» «mt «f all 
f oir a i^mai porlKiI^ ?f 
#f of «gl«»l0s ^ ^ff«riiit i^ j^ rHtlMi i f 
< * TFtj.H **' 
Fast 
%%% V«HMi» 6f <\ j^ii \> f A «»« 'K 9t 
1 
Btmim OS vmmm iJsmmmmB AT nm msmuu 
p«rtli^tt liixte \mxk tli« iii!5j«et of wmy txpnlMiitsJi And 
«lt«ov9^<iil lixvQstlgiitioiuit partlaulftily In «ttt4li«t iflth 
miQlQAar «wl.d.<»i9» tn fh« «ax1jr pevlMt wvt of the »tiiai«i 
oa fMirtiaio pToaucMon in unolMSf Intometimi* wmm m ^ in 
ooasio mr inveaf^l^tloaii* On* vk^t tltsi%ticia of m0i 
otQdl^ Ueo ta Uto iitttMli'ly to Isiov iamotly Hit onoxisr of 
t%o inoia^t p«ytl<^tf fhoToforof m% oonaot tfofofiiiift 
Drooioour lion tho imil^io poxoffotoiPo V117 ^ «H fho iivlaafijr 
•nossr* V^^ ^ ^ ft^ent of lii^t oaexiqr ooeoloxttorit Hio 
•ttidios 1t«v« bo«B earxiod out mm pirodsoljr uoUMi iatonoo 
ond doU ooatfioUea portielo hmam, Xn opoii otudELoo tiro 
dlotinot t^oo of intoxftotioo? tuivo tmoailiy boon omftlyso^ 
2iiUBi»ljr fho !!e<lxon»1iad»»fi md thm ImdztvMSiOioao oollislono. 
HovoYoTt tilt 8ost dotftixoa infoxsitiflcio aiNmt l»io firot kind 
of itiidioo hm% oom fxo» liyda^ offon \KiXbl9 i^buiS&^e txprnelam^n 
i^ilo t^o otudioo on tbo lnt«meti«ti» idth tho nnoiol ^avt 
gmttmlly ^*m atde <^tlior b^ r tho ootmtoi* taepoiiiontt 07 tf 
Zii eo«3it«r ilia mm WimM mmtSmf msf^ximmU h»mm9^ 
tmeXmy? p^oVm^it^^ mKOLtHm i« « atxtore of nXtMats ^itt 
mkm uttiliKir tm4£Um tmm h^im§m % ^t^me^ lli« %mk of 
ia»Nrl«ait 9f Ute a»i^ «ftar tAXn^ t i s indlfiAtal €oUi«ieiui la 
ffiotofffH l^iid fMil«i<!ii0 teM m% •«ci to iNi ef «ii iiri^aiMiif 
fo7 gtix^ov of iineml foiitiiMo of pwU.eXm i^ittotioii on 
ixaelol f&neo Hio m^^ome of %mifw pemm l^ 'roo ft i«o#i attflttifo 
of tho attiiosr p«^ tzwrorooa t^ ^o tiioiaiRt portiiao* 
tovovosTf oorofni otuaioo on moo iittt£Nr« At ^oBdonoo mmxa 
v«i|tiii« !»}»o«onoa» aneloKr tixsoto. dmmtl^ thoro licro lioiQ 
dtfolofwnto m imoiOAr oastil.ot& toetial^ pMM i^ofvlA fitio iiniliio 
of i^ oBKflitft liico «lixoiliiii md tiasgsltii lianro l>oifi iwoi \ 
4 
Attoflj^ to oro tiolag mdo^ to inHod ftao witoX vlxvo liioi^o 
anelior oMilctoiio oo ^.tt Hio i«Rf o of ^oatato eoiroma l^ r 
^o »yieIoAr «nl,iiloii tociNaitiio 19OO«MO id^« 
0olli«loiio of Mifii mmm ^^^wtm idlii mol^ ol MI 
taiisoto ^mn h^mm of Uf• int^mot* Hio o^ttoo m ml^» 
pftrti^o j^eodiaotl^  in lttazoiM9»olino ooUlidoiii irort oopposoi 
ft ooaptox m^ msi^ tfftlr i»oeaiiiNi of tho Imdk in mAwrotandiBi 
of ^o imrU<^o pi^aietlflti pxooooo in fiadMi^im^o^ oolMoloiio 
• t high «n»x|^ oott Ihioo otii^oa vosft ^««tfov« UpmmA* 1% 
woo theu^it Hmt thooo otadioo oi^ aiot pwi/t^ IM^vmUts^ 
yflii^ msf iNi iiotflii toimfdo Hso mataPitoa^ ^M^ of otaraag 
3 
emwiimttM^ x«aiicti«% of iat^Ptst in fulfil uladlM* ffovfiv«r» 
t!i« iMt f«« fWT& hter9 mm m ever ixmxmaiim iat«x««t ia 
t1i« 3tu^ of luiasiMHSiseliiift liit«e«fitlQai^ 'Shmm mm m irftfiety 
of rmmam for HdL* vtvlviO, «iitf vt ilt«ll Hot • f on of tlioa* 
^ 0 firot tfcid tlio fofi-»iost io the phonoMOft^ t tfttoooM of 
iflildi hiMi «ido i f poosltilo to iaeoz^i«to 
eorreetlsr tHo snol^ Nur offtott^ ^ t oooimd retooii i« fh« 
x^MilitHitim ^ftt a fttitiijr of lmdm!Mi»oliKi8 oollii^oao vooid 
l^ ronide Miao for ^stUacoliiiiiif %otir««ii tho imrlotui aotfolto 
Of lift^ rexiMiiiotflao oollitloeui * # flio tltir4 ronsoo Uoo la 
Kho faet 13i«t fiMto «K|^ o2tMiit9 ti^Uii imoiooMi w$ tuxtto 
isi'To i i ^ oalir on asiiiptetlo ttiitoo pndiioodt llio oiq^nnKito 
iiifh ntiotol 00 toTioto off^ "^ o t»ilttt» opportm^V ^^ 
etuiliiiif Hit o^oo«>t&wi dovolxipaMit of ^o fSiifti olsto of 
11 
«si<Ao(HME»olooa totoraotioiio * 
^ t otii<lr »i ^item'>mtilmB iatoxnotioiui Ima tMnodioto 
roiovonot to our idooo en H^ o otimoturo of lioaroiio oni ]^ ozh«p« 
inairootly to our i^iio o1io»t iiiiolt«r (itiiiotiirt« I t io 
iioo«3«u^ to oss^eioo iSiot l a ordor ^ oictTRot MoaliigC I^. 
iaforwtiots tmm ftadrotMEmoliUo otuaiooi tho eorrt^^^MiS 
p%mmmm «i«t ^ otadiofi at ^o otao laoiitaDt oaerqr la 
liadroKiMltaaKia oolUoloeo m voli* la foot id^oat tht Uttor 
ao iaiat vo oanaot liopo to pit iaforaa^oas atsoiit tho anotoor 
4 
Iff dlaua^e mtm «xp«H»»itfti ysaiiltii oa fttai^nie iiit«niotitm» 
irf^ lcf) ftm ntatiil t^ tmdt^ pstead llio a i^igailee of «tiv«if int®ii»> 
ftdticms* 
I t is ot»i«r?64 tlint in i^« tfitlxe fiaecK^f 3»saff« f»»s 
4 
SO &•? to 10' a«? < 1^ > t ^ « «ve»Bi« «uafe«f of ftogv^ r i^n^isi 
Cfl|^  la i!«fiii0a m ^ispt^ XX) t iwaalAs p»Bi» i^iAi].y ocmstoat 
«nd imxieo etO? vith tsxi^t aieo A* t$i«rQliir» inaicMitiiii «ii 
«l»p&faiit oonstimoy of <z^  \ t i^«ro<^ ^ l o th<» mmmm mis^mt 
of eolUidoiift H ia l^ a nnoXoiio* fhe tonotoiiojr of /f fl^ > h^^m^ 
^lftt»^^^ €^ oir/o itfto ft strong iHMiiliii m tho aoaoXa of mlU» 
p^r^olo i^ t^ anotioa ta YrftdfoiiNaiiolaiis eolUoioao ^iOi vo 
i!iffiyRnlffliift,.Jflil|giMmfii.,ilifli tetiftuPrp. gnll1fifi.fi»i* 
la ia|)orti»it %umtitf of inttrottt l» ^ o mtio of 
ftTox^o viXtlpMcitr 9f pmftioXos !^auotd in p«4sueXii&o 
oolHoioiio to Hiftt in |»»p oollic&o&o at tl^ o sam iacdi^iat 
< I l ^ a > > 
miSmt A« Hits ps£«ua8tex* M T ^ ii««^ «» « t«it to dl8tta#iieli 
^Qin «t i^ tt 'ttuit lilt 9«xi»iit«r U^ Mlmtl^ iaej^Mtttt vllk 
taiEtt urnlut « A * ' * ¥hi0 ii^lies 1»itt Hit dtj^ maiaeo of fi^ 
m A i« 1^ 917 oliif infiood* I t io tito olHMixirta thtt in tht 
tatirt «&«Pi3r i«B<r« e^<s» 3*^ ^^ i'l' ftn^ a^ ovo I | imxtos liaetiOir 
Mitli ^# % to H|^  ^ SOi OHO ^tfi trxito ia p«moiiltfi 
nHofo < «&d p «i% eimottato at * t^ivm moxior I * A doptftfiro 
f i t« limiiritir i» ol?s«nrft« ftfv\y^ ^M.dh msy bo tttillmtoa 
to «h« eoi^ioto d&emtoi^mm of tiio imoiouo* I t eliotiiiS l»o 
aotoa %©!» t*»t tho vOtto 0f ^ i» pwiotiotHar iaeas^ aadmt of 
mmtg^ iJiSag »-^ l aafi the Tuiuo of p t»^p«t»«s iiitii onoi^ m 
8 
In • rmmt miM^9 WimH ©t »i#^^ hme pointed owt 
not mmm^t^ dftsexibtd lir ^« ootsssealy uata «iti<i feir E^  
m9 fflv«n ^ y ^« «i|^ z*»slaii iU%U ^« rvsetm ia lihatt 
imtf«fte tlie fe»0itltsr<ii^> inolit^ii oil tlit <»f«ift« elmi^a 
Q&ljT 1^ 0 yolftUnls^G C >^Q«? ) ihcw^ p«i1iiel«s* mam 
mt^A^KX^ p^tt^^ ts&& mm of ^ft ewmUt$ j^mn afwt lli«V9» 
f&ir»t not lii<^«d»iii ^onaliltxlisg t3i» ifttio «if ciiXy Hie 
if^we&sa 3^«m^«9 cspeatta in ^« iatnuQlSmi* 9#^Ni?t et al*^' 
*A •[<ag>^*2]/ [<*i^> • «^ ] * ^«9« «at^ ©?8 hti9tt fotma Hmt 
E^  i3 m»m^ in^m^mt m (30 * loo > ttV ineii^' ttm^ mA 
imnliiiiiiiiiiiiiiiiiiiii.n niiiiii.iii>iiii>i[iiiiii> ip«MiSbi»w«iiwwM»«iiii»iJ3b 
fli« foXtoving ea^ileaX linear arvaaUon Is tmmA ^ 
l!it iNist t»la« of =^ '« 1#I0 ^ 0*04 •»« p » 0*084 Z 0*005 at 
in«rgl«» laoo «> 300 ^ 7 foif iaol^ Ns&t piotm la tsm& b^ ottov^ Umd « 
7 
h eoB|pftXf.«Qii of the ohmrf^^ '9»Xvmtf of < 9^ > md 
esXmUt^a itttlm» ei <^>fo» iat««Aet^ 0B« iii#i tftff^pwt 
mifi eoatt^ ticaatl^  ^taieia <ii^> «id <"0)?* ^^ » fhus emt eta 
^ » A a ) # 8 {1)1) (1,4) 
iili«£« At 4% B «iia B* a3P» eoii«ti&tft at • giirtii mmxty i ana 
iadepfliKlflittt of T) # nttmfm^$Mt$m mmtim <1»!^  ^Hi v^ipeet 
i^ iei^  ia « eimstflAt t^i^tlty at ft eivtB «t«ei^ B« sad Hiei^ftirtt 
^ 0 <^ ti iMt9» tmm 1%« ftlKrrt irolfttltm Hmt «ftil) oolUi^oii e^ miNdl* 
Imtig «spiftlljr CB* ) to l^e mtiiktr of pix^ielm 0tmvm0^§ u^§ mt 
i» 0.fm mmmi* ^ e eoaatatieir 9f Hi* eontiiiHitLoiis fi«« «eeli 
of tlif 13 i»iel«9ii» Qfi^  1»« tiSDl^ to fSlstli^piii) bfttvoiii 
aiff«rent m^Vt ^i^ vm t^@3Ll ^mmm la •«ro^oa t«5* fl)l@ 
dimstanei' ]^ ii!l^ 9r en^^sts « aeftliag li^ievloiir la Hit a^  • Ctimi* 
1»mm§ f^ Mlipr ta that la !iatoii'»iiaol«8fi eelli8l(ms« 
WUfsm of «SHfti««6 p&s^film m p^ mtUsimm m^ !» &»nm& 
B m [<»^> - <»*>*] <''7> 
coiUi^oQ «&& f«if the iim% t int «b«»w«di 1^ ^ Kaliiotm • 
«t ftl« • fh« f&lti»rlii6 fvlft^eaidilp t)»tir«in ^ miB^Cn^} 
imaift ft szid 1& ftTO eoi^ttQiita %$!f$m iralii«8 CO*^t ^ 0*@04 ) 
and («^«$Sd ;fe 0»0@t) rti^aetlvelsr i^d «;• l&di^^aQiit of 
liavt %«7^ert peiatod out ^ a t B/< a^ > mmXA h^ mm^^ ^^ 
9 
irosBlts im tho aaM iriau«» of tlieat <iiianmtl«a crr«r » id i i 
it^ H^ UaRf^ el^ ^ %a9 feisaa ISi« valiit of Wln^> * l • 0»51<^  i£ 0#OO0 
vlileli Is in «seoUiiit ttfotiMiif idtli Uto em •lA^xmA ^ 
^tlii i0»i» ff«*l)tift «t «I« tors f<H£^  fho •«lltf of 
^/ <a^> • 0^ 60 a Q»04 la 9a?Qt€i»<4i»ol^ » oolli^a^ la fho 
iHtx^ xiaco 6*2 to IKK) 0tf« 3li«f<^ozttt «a« finAo I^ At l^ o 
aioper^im patvi»ttf>t Df bi^ a^ oo is th* oiuw vnf is lmd«fjii» 
litS3Km and lift^ ^otMisioiftio o&ili^oiift* 
I t Itfto %«in obeoinrod 1^ vtiloiio «»^ewi^^* ^^ » *^ ISmt 
- . « ^ « ^ > . „ ^ , «h«« r ^ t . th. . « , * . u u t , tor p»*,M.« 
n ^ <fNurg«a pftftieli^ in p»|^  ooUis i^ is ^lottot «piiii«t 
i i ^ < ii^> on it2siir«i^ »il oiiwo vtiidi io ftia»ot (mmsf ia^epeo* 
aoat id olrtaiiioi* %i» teftliag Iniuivioiiir in I9!« ^oiriaHo 
s » A^/ ^ ^ > ^^ z^^ HUi to 1^ 0 oooiiiii* I t voo th«ofo^<mU^ 
prtaiotoa tiy KoiJa ot o3.#^ tNot Hio pxols&Mlity of olaoof^ ififf 
m^ dhmm^i pajpUi^ oft in 0 p^ ooUifl&Gti i f solatod ^ • 
neMm imtmm f in Hct follmdns t^ tyt 
<B^{.» ^<iia,(«i)>/ <a^(.)> 
. . . (1«SS 
10 
id 1^ 9 ptrMal aroit»>*a«etlo& for th* pfodne^oii of a^ ^ (tuM t^d 
plii^l^ 4ltitfiliim^t ia tlt<i iiidLdtnf wiwitiiii swai^ fvoa % %o 
503 iNit/ft i^ px«»9 i^Rttl2r mUttSf mtxMm (1»9^« aitttii*/^ 
f«px«««i^a #!t iOftHflg HeiotiDii ^Ct) of ^ttmtitm (t«9) fdir 
pi»p iotiiftfitioii In Hie mtmf^ nomiitiiii tms» W ft pot^mnSkis^k 
%iai9 id «Epe8iiiitUil @f Hio follewiJiii foi«i 
fiz} m (3*nn* 3?*T « ' - ^M »^ • 0.558 %^ > •«»• (•«5»04 •> 
»«* Cl«10} 
A adidlji^ t^iliiiK biiifsrioiii* in llio ml^fUt^ty ^stxi**^ 
!iAd»sipimfa,iRi« lnt^e&otleiiii m vtUt tlifi«^ ISie valut of llto 
«^ff1^to ^ff@z« oU^tlr* ^ « oliallftr acftUiis iMltcirl^ir In 
limtro&NBGiisitoa ttdd !ui£^ t»»«i»20l4m8 OOIII.III.OIMI poiatso tonftrSo 
•iitJ^uPllioo in ^sso iiit«i»ottozMi« thlo »iaujtt gtvoo «& 
iiiaiimtioii thftt 1li« liftdfsmo say 1)0 ts^tod %B taEttadoi otojooto 
Hko sHoldl or A Im i^ztaMcmolias ooUia&oii aiqr l>o tfoitttd as • 
%m&iem • Mg !itd*tfB ooXMaioao # It #»otii.« Ho m i i f ^ d 
%t3p« that i^«^ i ^ l S " ^ tht ooftliag fiaietl<m» f (•) glToa % 
•tiifttioii (I»I0) to 1 ^ oiiNi of hftdvtSMKoleito ImtoxAOtiims la 
••ttlalo»t oat mmU tMeo 4to9 eart ia x«i^ iftOias a ^ !»|r a^t 
B^m^o otfiotir ^%s^iSm$ % ^^^ ^^ mw»($wpm& ^ a ^ Aio 
to foaocmo 4ai<«i% aioo&98o€ m aooti^ m l*ir»S« Aioti «t eau^ "^  
11 
A #tii3mj(it«0?tfiffie t«tttutt pt iii#t mam lMtmmi^.mm 
i n ^& t mi^ m mmlt tmMtm. of t!i« ^rt^lAlOji «»«xiir i s «w«4S 
in Hit aPifttKiii {^ i iw fian^el#»t ii l i i l« unai @f i t i s Mug 
%f m pmme^m msSM^ im%mtM^%%^§ &§ l i i i i l ) i t ii^nii«& m ^ t 
fimtf Hit mMm #f 1l).t ftttumti^ Un t ie liil^ i^d ^ i^ l i»»i c^ 
IP .IP iim iBiir iiim:mmmmm CMI) 
t • 111 i » C .4 * 1 > 
irlitpi ^g . i.« #!• Iieeeiil* i&e^r of 1Si» » flfiti}%. tJ i® ^ # 
I^ ift HI© mmi^ §t i^ ptni©l« f w i n ^ i $M ti® iaftPieimeii 
gad 11 i s f l i t »iel«m msftft tltd ipii»@l9 wiHi «tai^ i ^ a i ftsr 
12 
fiie li^fiiss l»«taatl«^tir mmm yihm Hit tut ^^l i i^s% 
^© l ^ ^ i i itm ^wmti0it «» wmt in w%& i i i^atti^ Hit l@w ir^nt 
$f #i# iii§.l«tti@it3r i i t l l BB® ^ a t t%« ioet^mf i^ft^rtlele fttn 
pm&»mi i^i*%i0i«s a^« f l^ift t i t i s mw^m^ t» ««• tli@ 
i^tm ael^fU«l,tr i t^iA i t aiwftost »» ^© mi^ety .^«i^ p»t@« 
i » pirn, pm<M0U<m m€ i t d^mtti %f X^ * 
I t i® iewai ^ « t in %a^ s§a»wa€il«5®. oeilii^&iis Hit 
la«liiatielt|r f i ^ l s t i n ^ i n ^ B t t f mmim i» '^ft •al^.i« 
«^««ir «w '^® f^»0fi 1 t0 1§^ H% Wiii« is. !»«6i?ei(wittoi^ » 
etXHi^im m n i^lc j^^ %«t i^i« i^i^iimi«N» ef tls« f o i i ^ f i j ^ 
« » (©•SI a ^m > # » ^ ^ ^•^^ Ci»i5) 
13 
t * a»ol«it» $x)ttmms)t%pn» Hiftt foir mmtB nl Ht X^ < 7 the ira2ii«s 
at i K } mm ssftli «Eia ii^t^tt»6 vlth ll|^ « I t ftttalne « atustr 
oc^istiiit V9Sm tor v f^lKitii l i l '^ i^ ^ 7» l^i«lh Iqplitt H^ t^tt tli'« 
l^6lisi ^r t lo le efti^«« mt^ of 1^ « «eifttipr ftt 9a»ller 1^ 
irQl.ii«« «&<! ftt M^tif ^ 1 i t tfttoesti 3.««8 «i»»(««tle« Hit 
'Vftftoua asfttls i>i«pda#i mitt teim au» eaxii of 1hi« i<«8iiat» 
i*g«7t i^jtiiftg i^f#iiiH»,tniai 
eolU«l<»i« wee oliMZfod to l i « m two o»|Nimt« mtcttlaar mgiem 
12 
]i«iiot7 a^ iimey ooae spd i& oiit«^ oono * tho iiaiiii»r of pav^«* 
i^«8 in tbt iimoif oo&« (tan d 4 0»1) iaosfttd* iroapf slowlir v i ^ 
<ii^> ^ %$ find to psftetl<»(Ur tbt siiao fosr ftU «fOiito» 
$H9 eQiifttiiiio3r of l^ttt VftXtiot iniloatoe fbftt partielta f^ fodiiioA 
in tho imior ooii« %ili«»o ft« i f #i«3ro t» no anoltftir iMittor in 
t}}«lr v«|r «nd #io imei«no io apj^ ttroatiy tTmiptiviit to the% 
Oa tilt otH«r !i«a«t ia l^o ottt«? coat d«0no4i iQf t ^ a > o*1i 
<^  n^ ) ino3Pot«^ 8 Unoazajr iti*^ S|^ « I t #!0tsJl^  bo n^ wj^ coa lioiro 
^« t tiie liotfilittioii of %e imsbor of oooondsxioo in tNo tifO 
oei^ sa ift i»ot io ^fs0p m i thio #iottli not Ist t^ion •txionoiir 
isalost i t ia 9«labli^od ^ron « luff* isiiitto? of «ip«zi»!)!it«« 
1 fo9 o3»i|»io» fiofian ot ftl«^ lii^o ob««rroll g& inoiNMioo i» 
^ n^ > ia ISto isnojf os»« m iroll iritis %« ijiovwioo of S(^ » 
4 
$^t^tm l»«tire«i M.ti^tmt mi^tm 
tilt tiitiiiHr s^M s&gie^ i^i dc^lnea hf p^m^ $$xk & , i^«ii 
f Is 1^% mwmmm tM 6-te ^ e axiilii of •a&AtdQii of * mum^nxy 
pttftlelOf b«l»g ft liOHKitt inf&iritti&t ^ottiitifirt i« tftiEm to l»e » 
in d#t«il, lA Ch«pt«3f XIX« 
spattm xwof^ aom inpoiteat fafttt^ rtD rmKt&um ^ « stxfong 
iatezftotion %sasdim« the < a^i:%et«9l8ti<»» of tlii* fiumastter 
irill %» mseuseed In %e^%nr III* 
fafions »od«l« for ettitt.|>ftrti«le pxeanetton is hi0% 
m^m^ hsi^xmmha&sm 9mltl(s^m» %iift hum pmpomA in et^m 
la p7«esdtliifi •idtton* for mumtM* 1^ # ntntiometl. ao^ SeX of 
15 
^m Urm MIX m^l of ^u* t l^ a iselxir p&eminiitleii ned l^ 
40 4i 
Wi& tiilti{f«ci|i»«Bia S3ed»i of %>»fcpr f^ ^ the f^ynmm msMm 
aro tilt actdoift imidi tm o^ aors fmmtimtly ^^ nm^ fh^ 
im^imr of aodola %&• %^ o&» «o ttm^ tlimt i t i s ir«r^  aiffiimlt 
to ^mM@» t i t of thois* Wowevi^ ff none of those aodeie eve atte 
to aooouat fop el l Hie ^^exiswital f efttii:res of hedx^ siiMiiitoleoii 
ooUiel^eie oetiefaetoxil^ m^ their fi^ltire e^fpmr wotii evKNotly 
^m ^ef es^ epplied to hi&df%m«{molett8 ooUieione* the f^iott 
for ti$ie mmm tltet i^i» '^eee m6»t9 vere N^nrelepedf oalj 
%edroiiiiiiixoleo& oolliaimi 0Atm wme mt&lnHi$ la suffiolo&t 
ammat i^lle ia oeee of hadfoE^miolftie oolUidlmiei dete wei« net 
^fi^eieiit i»« O^QO ilHl^ m^m mniUSbte v&m wotl^ tt&m 
eatmie ngr mspmiimmt» mti weim t^ou#t to be uzureliable die 
to llie ifi^ ooae alx'eo^ disoiiesed in eeotioft 1«1# 
Hie .estfigoetion ^at tlie at»diy of l^ edxeiMiiioXfGe inte^ 
ttotloa sight p»»^ae iaMi^t into haiaim>»h&imty eolli^one ie 
08i^ f«ntLir fiieaemtlnff ocm^aei^le lateteet* It ie l^e^ eoted 
t^at m stytfy of hedtoiio^ mioleite oollisi<me (^ m lead ^ vaiuaMe 
isfostail^oii o» paTtiolo 9f0^oti<m phmmmmm ia hatan^^ 
iiatroii eollial<ms» Xn geaemly the ao^ Sele of pxotoiii^ iiiioleiia 
oollifdloiia are olaealfitd ii^ to ^m la^iaot ifoape «> idii«le * 
stem fsodeia (Si^ and ^k^ble «<» stfip aodele Ci^« In the 
first mi>W of ^^ e Bodil® t*5e final etate ie mHrnge^ 1» be 
16 
44 
th« isiltiipeHii^QX^ iseidi^  and i t s ai l t l * B^gm s«i^ tKmll« 
4S 41 
in this gi^ tsp art t^e Um hsXX m^t U ^9 tLlf3me^ir« 
7.4S.4? 36 
«neig^ flux msea^ mikUl • flihbiiiie i^ tf f r t l i l li«f« t«me4 
iQa«l« vliicfH liaire eiwusiettUjr t)eeci aeoS to ojq^ U&a llio 09^««1» 
m^tal mmltB «ti2i«itoi In #ie pxwloiis ••oticm* 
t>io l&tr»»j]uel^ar eme&6» aoioi of lta«roiM3iteX«i&e ooa.!!-
aioim ie litood «ip^ ttio SSi of i^ ftrMoXo pwduotioii in lia<S»m^ 
ftatSfoa ooiM ileus* Hio lm^]»lni im i^eoii intofftets m&mntBi.'v^ty 
wi^ K Uttiilsor of auolooas Ifuil^t tiio tiaoXoas pxodQOiag atooa^ 
d«i^ ptix^e3.«a lit mx^ oollii^oii* Sac^ of tho soi^iii^iifieo aecr 
ia tttsu f^for ftMfthor oo3.li«lon» lo&^iig to loild»«^ of m 
intm^n&lmst m&mi^m At Ihe &im of t^o tsTiot istoXooo 
ina^nsos ttio iisfoi^bitlt^r ^^ mem^sf iatoniotioiMi inozvaooa 
ana tHim « i»t2«ai; t a i ^ t oiio ^^ipm^mm of #»• rooitUo t» 
fixpoetei as tHo «i«2i^ lnox^asts* Stttfi n isodol oa^laino tlie 
1? 
ptimary mmfgies tit at»«t SS 6#Y l»t «t lit|^«p «IUHCK1<IO I t 
boeii i»d9 to fnfine tHft imsea^ Cftlo&latioiift tor ifi«e]?i^»itii3ff 
I t «Sh*^ » lli« geeitth o^<a^> ^ * cftp^ta wi^mt but ^ e 
a«i«0«oii i« «%t^ er PHTHAIMI la « f l^m^ t« Ih® Al)ov»t the aea©l 
f ^ t a te MeplaiA sova^^ al^la2itl«« that lu^ olMi#«ir<ia la 
a^dxtn)«»liit^ t»ai anS lia<liK)iiii^ jtt0a.fKc c&XMslQiief «•§•» Hi® txiiina* 
^^rse and limel^aimS. ix»Bieittm opcots^ i^i<$i i« dlseasAtA la 
la t!i9 dlffr&otlir« aialtKllisa aodtX t$i« f»ptlot« psrodao* 
ticia is ttdattnta 1^ t ^ t ia«ii« ft^i«»#i #19 a.f£rmomv« «»<slt&tl»ii 
of l^ ft tmm m^ tN« t@3^t imrtl€!t9»% f!t« fisrtt eoUlai<m of 
t^n \mm partlcao wttli ^ mioloea fUjoa^ i^sAs %o omi^ to« l»^oii 
CKBo wfHig vltii a wlot^ti- aoftrlir 9m^ to t*j«t of tho 
indldfiat pftT^ole m^ ^ 0 othor wm%^ ^^vl^« fho f^st omi 
oontimot throng Uto imeiasa vili^ % wtm. f^tm ptth i^ tmX to 
%hm% of tho i&<:i,a«iit psztiolot mt ^m^mmm m&thm t^km 
oxoltod atftto im « i ^ iu|}ioiiiao»t oolMal«m y&^ a imol«oii# 
ftio fa»tl^ Bwlng esEcsltod tioiF e©®ea tut of tiso imo1U»» Had 
^m doo^ ya into i C **|^> aaooiMSaJiwi m& o©e^  of Iha 
IS 
fsr^ol t ana ltf» «K< t^«a «tftt« ia e i»iel«uft# tli« AwpmCm^m^ 
of <L)> ^ «^ ii l»i« mm^ ©f th« iadl^NBt pfirtiG3.« «a« ®ft«» 
si»)il»«r ofj»i3©l«iQ« li*lii« ^mw »«oic^  * t Hi© »d»l f««iiotii 
i&6$pm^Km9 of B| on tutxnr «M » iraale di^ «a<liric!t m A* 
fartNoTi Hie i»«»l tUse iireaiGta timt for protoii»jwi©j.«ii9 
net lit mti^ ^r«<itor ^an that fojp p»p oolUsloiit <t») tHo 
^ tm & i%ftiii^ %» a aeoaus^ of inapiditi^ dldttilm^ea of tht 
ftxvftrd ocsie parti ^ os (aft«r excitidi^ ooti^ rent proaaotioQ) 
i^onli b« siadllar to ^&t of t^o p»p eolUtioiMi ana Co) 19i« 
lA t ia & iliitil%»tioii m t^o tai^ot fi!ftgn»itatloa x«gioii 
ti^ otiXi #!Oir m oiteaos of «t^ <xit« o?or ^ a t ol»»oi?vod in p^ 
^lUtdons aeie to t^o ftdm.tloiiftl seltlplloatioii twos t^e 
dofm^ " of tassftt nuolLOOiia Ct^ ovae)« 
40001*61116 to l^ia GOdMlf ^ e oolUaloii of tha tm 
iiatremft orsatea a oospound ayatOB m^ ooaxty is 3?alaas«d H ^ 
a «B»1Ul» l^ 3P«itt crc»iti%iotod voXustot % At 1^ « aonsnt of 
Id 
eolUiElon a la^e anitotJp of *'paarti0X©B*' Is created, I»i« 
c9lVL^(m mm Sxme pn^ in ^9 ms^m 1» m»Xl i^ii^rea iii% 
t^ « dlKAsdcn of t^ « irolMs«i?t m^ a itta^ietieal v^tiilibxifisi 
19 «Bital>ii#i«^ fh%T9 i s now 8«ooa< vtii^ te tN« dollidion 
as 1^ .9 mtam of on idMl fluid "^it «%m» ^ouli b» exftBlatd 
tijilroiiimBleaill^* in ^« floret ^d 9*mm& atagv of t^e 
eollitioiii lNiei^ 99 of 1»i« hiHh m&g:^ d^sitjr aa^ stvoiijt 
ittt<imc^oii9 in t^ « »2ntt9a» psrUoit* oi^ ooatiiKi«liy b«lQC 
etmt^A m^ d^ti^jr^ Hai^ oo fh9 sfeton enuaott ao ^ t t !)• 
c^«meto2l9«d % t>!* nasbor of #6rtioai«»« Of emvm as t^e 
path iiior«MO@» Whm i^e iatioiBeUo i^ i« smll «aoii#i tho 
partliao© la ^ e aystes at t^^t tliai m n bteoise *f»«oa*'i 
aaa 1^^ mm tm9 p&tli i s of ^0 02^1^ of th« aiesBiudoiis 
of ti!« oystoat the ar«t|i» viXk Imftk »p into fH«9« ooaotiteiiit 
H^ iutrtiGles* 
^ 6Xt@nsi(m of ^ io md^ to a luidlxoii»aiiei«t« ooHi* 
aion ii!fli«a t%«it at !ii#i' €tioti#i #ioiie$oif ft fift^ tem oolHilos 
¥ith <^>4 a»oi»on» at reetf yfh%m<'0>^ lo tHo atan aaiiMHP 
of iittolooiis csatainod la tho •tafe^ j* tfisversed liy Ilia la€d«» 
atat l^ adH *^ Siaoe all l^ia ta^aa piaoa &»Am ^ t iatex*-
seAlato $fhaaa of nairlir eraatt^ !iadi«9aio eattar mhm j^^iala 
e<»]giMBg m^itm ao atastt asiolaaf oaaaa^ l^ sig ia pf&^e»^$ hmm 
20 
ea:rv^ inc oat m iml^er eoaplex eoi^t&tiofit Bftiwucji tm4 tm^m^ 
^«tfiif«rt 8&ne« in this m^t mtUpVLdit^ weimu m w Cs is 
t!t« a%«ars of the CH eiiia«|) on^  for « li«ax«iiMaiol«itt eoXliiltii 
H * *^ ^ ^^k* ^^^^ ^' ^* ^ * sittwpo of Hio CK taoxKy for 
% « ^^ ^^ ^ ( t t tS) 
fildai <^> j^  • ^**i%^ A^ *^  t II® givoB hf Ourtsi «t ai«^, vo 
E^  •Q*9t lP»®® (1.19 J 
Mhidi tm *« eoa|>Qr«a «ttl! tlit oxpoxiaeatal ronalt fi^» A^*^\ 
t% is found that liydaK»d|?&iieie«l aoitl loftds to tho 
promotions f^uit l^ o ti^ ng^omo {sowa^n ino^ reiisoa olottiy idth 
0B«egr f^ Alto i t id oalcuiatod that mtt parlicloo tarn 
pxoaiesd at i^lea of at>otit oiio s^dian* A oiali nmSme a^ 
^'21 
f laai 'if^toi niiile ftt 1S!# ait£t %$.» t i« fmetloa iif «£i9Zi@ir 
miifttea in I9i« femi 6f a^tafl part£i»i@f» !» m% mprnt^^^ t t 
If 
I» 9 rteaat papta? ! t#^i^ 0^  i^ # timiw 0imn mmt 
In f3?i»tcas»m0li!tts lattfe^^Juiift t t :^0 •©«? .mm tmm(k te lid In 
m&iU Htm fe© <»«ii3r -tu-^p^i^aet of < ^ )> mi llid eoan^ 
s^» tSmm fetation b9tir#^ 3^  aNI u^ t&yf hm^mMm&tmB 
i s fh®t t* 1.8 m mML m%^ tm mmtml mtUAmm %M0tmB 
I t apptai^' l^ mt i?e3?i|^ t«ii »iifi^ ©iMi mm ^ idMmt at %m^ 
22 
liftrtfQitM of iat^ pftoMoiMi allied to ea^mm ^ « Mioiioiis m 
d«»3Eiiidtd 1»^  "^ d m^l i» demlttfiix l!ii»caii9« ixom (imp inttlastie 
3 
on ft i#!ort t i« t e<^« « 
tiiie 8»^l was pi«>3po©<i<i toy <l©tttflt(^ 
atieleaii Q(»IU«l<m« Aooer^ n^g lid ^.is sodtl tli« mmm «* 
mmBlsia fl»iE of !tiia»^Qio atttcsr i s t9i« eiuMittl*]. vailal)dl« 
that det«f3^ Ui98 tli# cax^ «wl»Moi^ of Ute ayiittiB« aai that 
i t la a <3A90ft<l« of t^id fXtiXf aiiS not of otmvintl^iftl liadi!t»io« 
tH%t oooir ill ft 8»oXoft3P ooiUftltm* In t^o fi^at oollii^oa m 
0mxm tlxm. i» pit^ a»ood that noon sfttosilieoft isto OBO \m^ 
and one 90ft ItftArm* Htftftt Yiftdsomi imdixi^ ftiiiltox' eoiUi^oftft* 
fha Imtd liftdyoai iN t^ftiim iiMixly'ail t%o ft&ezvsrf B^  of #i» 
pxo|ootil.« i^i oonttinitft ^jfocii^ tlio lateliitft i d ^ Hit •nan 
fyet p»#i of fho pit^^totito^ Ivo3^ tfi1>ii«P9ikt oolliaton of 
tho imrd f^ ftSaKoi ipoimlts in i^ ofjr Ut t i* mmsm 3Loa» Dut oi^ efttoft 
i^other noft liadi^i « i ^ onosigy ^ I ' # iac^ ©oft tiftdroa 
Of•atuftl]L;r IwmosBto Uto oousnai of 1 < a ^ ), ^ foxtioifto m& 
tiro *!fta«! fift^ roa «1^ «® | . ^ ^^}m 3^ **^ ® *^** ^^•» »<*<^ ^ 
^Lag to tNift i^otttifo \m:^ \m 9Xvm fts* 
g 1 / 
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eontiX results at ps^sont* fhe 93^1 mmm to oi^ljiiiit s*! 
least qLctaUtaHireXyi f eatuapon mdh IMI low < ^ > at SOO Cb?» 
B@ar &iid9p«ada»ee ot ia^lasttc^ty m k $m l^e obttrttS mtslsor 
lai tiR (^  aatiilmtloa ia esuiid^ at ilCK^  <l»1^ »^ » I t i^ iotiM 
l>« sraisirkad l!av9 that la a^ua^oa C f t^ O) • collialoa at mi% 
%a^ l3roii« i f mir« la igooxad aa far aa Uta |»fciauetlaa of fust>iar 
l>a2 l^alQa la emmtm^^ itit at hi#icv mmi^m tha ii2tep# 
aatioas of aoft iiadzmia iHd tha aaaoadariaa ariaias t^^ar i^fos 
aar »ot be i^mmA* thaa eo@9 ad^tional tax%i ta th« abowa 
a^ i^reaaioa ia ai^aetai t^ i^paar at tiiji^ar ^a2iiaa# 
Bmx^ a daeade ^msk tha at»ii^ of intasaatloaa of I^K^ 
^«txisy Tiadbroaa vltH aaelel vae acsisKItrad to ba a vav;^  BNiae^  
affair beaauaa of the mw^lmdlA^m ia¥olvad« I t waa l^oi3#)t 
t^at thaaa atti<Eaa e^mt pvmi^ iafoz«atlaiM» %^idh m^ ba 
ttaaftii totfarda "^ a aadaritaaaiog of t^a set^aaiasi of pai^olo 
pfoduetioa isk mt^ oollialoaa aad aoaa^iaaati^ there hn& ba«ii 
a eoaeidarabla reaioticm of iataraat in m^ atu^aa* ^mtmmk 
ttie iatareat Itaa beaa wmi^e^ dlBoa '^a laat wmimCL m&sm* 
fk0V9 are a f01; fi»kia!»iital t^ l^ iga tfi)i#! oat hepm ^ mi^ms^ 
ataatf tx&& ^9 stufif of aa#! eoillatoaat for awiis^lai o^a 
eaa %opa to tm^rats&cl the aeeihi^aia of i9aitlpartl<^a prn^o^ 
tloa ia a asora alasioataxir l!a4ro»»^aare» aolUeieii aaS alao 
2 1 
HI© pmmm^ ^n*.oi®« %4tMa ^« melitta^ %i% mm ^t^^ t» 
tam a ilimcit i^iwAet % mm i$fim m %R0^m$>e m^ to mm 
sQiils %wm ^m& pm^m^ la w^t to ea^ l^ela fii© ¥6*t«wsg 
sedi^s f©r 1^ 0 tat tmnt l is i » # i « i t ^ fisvt totes ns9& ^ m^%MM, 
tli# «i|»<ifis«m^ ^%a ali i a.ff@i^i»t is(^tlii^@ii« Iti^ft ^Mm 
liiEiiiRi* s& 1 ^ 1^ w a i i i t i fiif @ €^ft«8ftti<3 ii@ii^ %ft8. htm. mm^ 
tas#tt^ for ^ # i iaa ! l l ^M« ot » l ' l t t«rM<^9 fssoauati&ii 
M-ft^iem$ afptmc^ts I m t ^ d t i t# dt@^eil» e«rt»ia «@peot9 @f 
^ &tu# ^ 9 pf&M«» iB ft ii@f» i^3t«i»tl<i iMa^ « f l i t it@:^ 
de&#£t%0S i n ^ « HiisdLft i » '^.t mmtt ®f ^ attfispt m i s iM 
w^ftefirt ir« tmX #mt «l!ie# 1^ ® »l&Mir«ir f£)mtmt 
mm "ii© :e««ilt ©t ^ » tiW0^. state 0f '8*»i lat®m©tl<m pmmm 
^m ^mM 9Lkm mmi^iM ©o.it«in ^m^% iM^wmti&m m^m^ 
^e iM^mkeUm tf©«tss# %& iMAm mi® m •*ti«0t ptrtii^tt 
ii.i!r« not -wm^vM^ i t t ^Cll. #t®if» ©f s t t«1 io i i g|« ©oa^t^a ^ 
I t s i!i®ttfitaiieii# »9it ©f ^ # «itttm#« %«f» beta, l i ^ f e ^ *toi 
25 
a 103^ d^tnildi asiily«l» about 1^9 ii%iirft0tafi»tt^ of fH«9« 
m^wa^&S, ab@ttt the msi^ «a9 int^nietioa p»ofs«aft« £«irp4i^  ia 
ea^^cftlly laia voxioi^ ^ igiii*aettzidties of these partl^es* 
In 1$it pstsiskt i»^®otigftMoni ve tiftvtf t^iwP&if«t feeiifted ouy 
ed^^elntims asiciijg the #iax^otei!istlee of tlieae pertioles* 
for mst of the t i s i attention hae bwa feeeeeei <MI the 
o%aim0t«rietle» of fitet ee MBXI m aroS«tlYei|' eSeirer ta^tloles* 
the cNunti^eslotioe of irer^ r lov aaettr pertioles have been 
left <mt of lite &ao»e3loi&» beosuee t^ef lOfe pmmm^ to be 
the reeaXt of eti^x&ttoa pxoeeee i^li^ le mm^^ i^i^pm^mt 
of the »e#eiidleis of lntevaeti(m« 
1l!t etti^ of pm m& P| | « di^ etHlNiMme of eeeoaSextee 
prodate^ in M # mmg^ hM.&itm»^^xm oolUsioae fiate be^ a 
l^bleit of intereet to m»&mX mt^%tth the rii^laxitlee la 
the mm f aXtte of tspanaRroroe eosi^ ttiBt naatelr* ^* eosetano^ 
of < IN )^^ videly aiffsrmt iadii^t en««ieei itioareese iit 
Hie Iodine of < P*}^^ paTtiole laes «id the fact ^at < pj, > 
I t a ti&xm%B itwailaat tiiantltyt jmJta l»ti» farei»te3p a» 
important tool, for l^e iinrestlia^oa of the mmhmiom of 
26 
liatosMiaapoa liite«a«tioii8» ^T9mme$ the P|^ • ai»t«tl»t4oa 
of momr pion« ^m elso b««» stitsiea in Yiaazio:wlm b^;o8 rnilM'^ 
aioa«» ^ai^oaa s»<3^0 for #»« secShaalaB of iatefmettoaa havt 
1>«i9a fwspootd While oxplai&iz^ the olMwrted featntwe ©f p^ 
end |><| of eeecm^bry pes^ioles ia sfti^ oeXH alone* Hevevevt 
a detnileft s»al^£4e of the eoXliiileae of hitfijcae nith stolid 
»^ a© set lieeBf iaa<So ia tmem of tfse pei^iiaeteys l > 4 ' ^ P%% *^ 
the netted partioi.eo« Wet fhex^ f^oTet yesUsliii the £I^JP» 
tmme of theee p^ smrseteafs in im^rotanaifig the ii»oXeozMa»ele«» 
|tttemotioii»i ees^^dex^d i t norlhtt^le to Inteetliete ^ e 
iMkmtmm of p« ^ ^ l?«« of eeooeiefiee psfodueed in eolUetoae 
of ftetone uith zfiielei« Slie experiai^tiil. sfeeuite of su^aafl 
1^ 1* of fast pii^Si ©si «^ piw^aaet Heutei^ o&St tzi'^ftf te** 
xmelei end of oloif plone piroi^ oed in ^ e latentotio&e of 
14 0e?/o i>»toae i#lth ^ e h&m^ C% Bjp > m^ 1^9 l i ^ t COS© > 
nuol^ of i^ioiear enuXidloa heire l>e«i studied ©aa given ia 
- ? 
foi* studying th« aetiNanisB of im i^r^ Mcmelett* iatsxietioiist 
thd «3q^9rinititftl at'fMip t^iit m» nmi» ^m«lstt 9t &. source to 
tli9 final ifesetion pxedsefs a aatsotoi^  I0 elao atttod* fnolMJ^  
«8ii3.@i|€a8 camr b» ti3»s an tlie ^teetojp vhidb mmM mvf9 f)i« 
purpam ot th« tafjgst «• W9%U In 1^ « pTtaeat iinrtttJUEittioftt 
h.i0i eximtgy protons fi»& tli« (^M fxoton S^se i^iotniii utre md* 
to psa« tHToui^  a stac^ of 62 aailalda p«Illei«»» A« miolear 
amiXaion 1» a eoatliai&ttal^  9imsltiir« (letaetasrt abla to re<»»rd 
all. fha Ititoxtaationa al^ut t%® mmtB to9 ifmey t0m peti9&»t 
ttit ooj^liftt hiitofi' of th« ^imm f«i?tlol«a eojr lat a^a %jr 
a^ma of t!t« ti«i(^ mmw^4 in ^a axoXaioii* Hiua if tha 
iadiioiit partiela ootli^a %iitH a tas^t tha av«tt ia reeordeH 
in tha attledoa 1M fom of a *istax^ « ?arioaa iafain&tieaa 
a^ut tf^ a intafaotien amsr tm ototoina^ hy anal^iiac thaaa 
«ftiBita» Wa iihail firat ^TO liara a Ixxiaf iatroataUoa tk\xmt 
tilt laioX s^r aaulaions iMi^  tlia eoci^ aaiaB of t^ote fommtion 
i^m a e>mx«ad paxtiela i^ iasas tl^ foui^  it* 
28 
A mxcHmst «B»lt^ t3a ooa«l8t» of throa isMdle eoii^ oiicft'lirt 
{|> s^t^vr fmH^mf dh^^tl^ ^9 ^xtotA&6 vitfi Q msHX m4tAx^am 
ef l o ^ ^ t Cii) c«la%i»« « ^ ft plafttleiMirf mQ% ^ gkynKAxm 
siQ» i t gimajiU^r l09tii «iitmr ^^ #l«etfOfMipMi'lt« iiit@x^etidiMi* 
laoir^ftdts iizia f^ ftaod t^ef «s» i»l«t4 lo «atoit«a mmtgf atates* 
I f fh» tran8f«xv»d m&ta^ i» iftnteir tlum lih« i«iiitatioa 
pet^tittlt th» ^tm^rm i& Ittsefated ana tl^t iitoa i» miid to 
l^ a loziisftd* Ae « i^iealt ^ i^oisation of %h& mtdm mm of 
ti!9 ^31^9 *mfiiAm'* torn mM,ft9& %M m&h m vaf ttiat o» 
iss9«i€tlns I t in a raftielfiie Wi^t onliod the * asvtljop^ ap* tttey 
sr@ ^xned into gfisiat of ^ tsUio divas' i t l i l^ Is vaoogal^  
«abl« tor Ita l i la^ ooloisr* fhaa th« tftajaot^^ of • diaxsod 
paztioXo in ««>X«loa ttotK^ we naiblo ao & navita of blft<^ 
gfalfis mitea tha *tm«*;* of tha parUolo* flm efiaraotoxlstiea 
of a t«»i^ A9p0&i m tfm mtmm of t^a ptrlii^a «&a i ta 
iraloeit? miH pfo^l^ 1^ « poaslHlit^ of i d ^ i t i f i l ^ wM 
oi^faatailsinff tfia partiolo* ^ ^ ol^ Mzvablo paroporlios of 
« tftttM in MitialoB lufa i ta ram9§ iaoiiatioat aoattaxias atOi 
Oftairaotestatiea mt^ as isaia mA ^^ disOT of jj^^r^oiaa iMiy tia 
va 
ol»tftia«<S i f l^ aaa ot^ai^bloa l3o tuaoiunid m& ^ e f^la^oaa 
irfii#i masumt th#» i^t^ irartona qu^titiaa 9m looowa* Wo 
n i U aon diamiaa tha I t a l i a ef tha aisKiriaaatiidl piweaiiii^ 
ad^tai in tha praao&t ififaatigatioa* 
29 
UA lllillft.,&f.n,I!!ffl,ii§lliaiBtM,,iiaflgllM.iaS4 
i»:aEi f » i i tti« ^ ^ f «?^33 B^eiii»ti83« ^m» ^6m m§^ iM 'Hit 
Ms l>©«a f#mi ^ fee CftO js ©tt) I %tp ^^weU^lmff^tft 
luftdpil p tT^t les iil%% til® ^mlsS^cm wmm,^ im0 lo i^ial^n^ 
©us ©tgsptt Ms liw«sM»M©ii i4tli i«f^lili»g' ©f «ftat* iHitcIs 
ttmUm ©f f^ ^ ^9 i t a t l t flat©® wts» filmm^ t©f ©isipBJiiii 
tetm««i 0f lfe# ii©t t*(«t ti«# t f a ^ o 4a Ihtis §liit#i oe^M fee 
I t t® tiiita -j^s^M^ Wtg% i^meim wmmm nose ©f tiJt iif«iif» 
» i r ti^^p® dlm^Efatl^t t% t i t ^«^f(»»»» i^««»ttii^ tp 
30 
if^luat pf ^« mml9^0n ^ m at^apfmp and tms^r^ * mmtmt 
lf| of mmktB m^ tlien to t^ ttsna i t ^ the aemi »(»tlroa «ttd 
rmmv^ ti»« a^i1i«r» {i«jr ^ ^^  P2 ^vfintsi. If ^ i« tho aotUttl, 
of mm%B mwmi in 1}i»1li the tmrnp thiat 
(t| • ^^ 
.i||,iMII.I|lll|)l|lil.]|l«»Hi 
and th9 ettiiAmeyt ^ of tlie ol»i«inriNfi 
C 2»l> 
« l • »g 
( i#0 
Xn t!'.^  ^rteent litrsotli^tioii tht stciys vlt% i^ > 2 Cl^  &« 
defintfi iiitt«r in tM« aeotioid MTQ btan 3r«eoii^ d» fli9 
ee^ anifltt effloianoF for tfie staft) with ^ * ^ ^ t^ '^MII f<»itid 
to h6 tCt)on% ^% ana for ataira vitli 1^ :> 3 the effioi«eioy ie 
1^0056» Ha inmld like to iaimti^ here tl>«% t*!© eteesto with 
1^ • 0 aad 1 eotil^ net tm deteotea mA theee eveeita oonstit^te 
nearly i ^ of the total maSamp of events of aU kiade*^^ 
toeing into owatei delation of the<^ nnSeteotitS eranta and the 
2$ ioaa aute to aren eoanning of i^ « £ evantat the Man ffoa 
patht A t for the int©»aetioa eoi»a ont to l» (?5*i5 Jt 1*0 OSi 
fhie value la ooi^ poi*ahle idth the iralne of C55*t j£ !•!> C© 
otJtaisoa l5f «intelii^5 ^^^ ^^ ©vefall aean f*ee palSi foip 
inelaatle ooHialono of 2SJ»5 (NiT/o piet^ie ana with t^e iralat 
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flift t»i<»le» hm» iN^ ea olstalfltd into vaxtoua nztmpi 
^mimi^ tair for pMtMU idalimtloiit t^m Me to ftiMstil^ ioiii«» 
ting fftTtlelos* fitQ tdtal afiiii^r of emeli t f » ^ t la m ai»il« 
«tii^ in diflotea ^ l^ « li&et of ^wm temkB aiif« asie to 
!mir« |}fi«a aalt '^vieeA ixm *iaai^* aa4 *Ii»»/ tmtktt of iMcdi 
t»it^» Iscfiiw tssK»^1^& i i^eatiea g* C« i/i^> ir iat«r %yvm 
10 «fo mni^ at l»laelE tsm^^l thatia teaeiiea a9» a09t]^ pi^fli* 
atiS 1^ imrtielta dstttsd at n f*<i0&it <if evapafaltea of lite 
i^^dtoai imaloita* ^t^f txaoiMi »>« thosa imo»i a^acdfle 
ioaiiatioa liaa bo^eaa fho £%iiiga 1t5 ^ c* ^ 10* fiiaaa teaolct 
a2^ pxofttead aalaXsr t^ raoolUag aaolaeas« eostlir parat^ oa 
viHi an a<lelxtii?e of atataxaas mt ptarUoias of saea aas^ Ksr 
32 
pi^ ?«l.el«»# ^ i ^ ©f "Win ilK»ffr ^mdE® a»® ^m^mi W p l ^ ^ 
t'^ta i» | l i l t « i * 0iitt |i«l%fl<m i» ^m% filter 6© a&t ^ ^ t r 
d*.irl»il«ti©Bt : ^ ^ • %« i t cm i Ui4%^<m t« in fist, 
mimwmf ef •istlsmtioa #f tl%® f I to ©f tf it iattniMi imnl'itEit 
ifttitu f^ iMilntiimtt. vM^ m^M i t nn i^ 0ttl«Eiit pmMem 
t^«@t@r f^ i^^liMi ^sdi^^ * wmlmm mlMwimB^ ^ %# ' 
&^m hm^ 9SMm t t It a »i^l«x taipif ssttifiiitt mm ©f^ aa 
%«d Hit ilfl^ipslt '^1^ tH' ^ elassi.1^ 1^  pastij^fty i^lli^dn 1^ 
hmim ^^ mmnt^t^A ^ iM,%mtf %r|^  #119 ts$M df imeli^ & la 
33 
'^•^mm.* mm wmm^ tc» tlis mmmg^ mm% sm& n^mmm mm^tm: fey 
fid© ^isp&m i t l« ttomlslai td l»#w ^ d laBeimt of vatltttfi 
i^% gi^m the i^iip&idM^E ^ IlfDifa @5 «i i l i l (m lit ^ i^la^ir« 























0«#ti^ Ei« III m0m to esl««iliit# ^i©^^ ^* *''^ ® *®®* ^'^ 
0 
m% a^i^% ^.st»ilsiit4o» #f tilt me;i«i«f /'Cil i® ^ ^^m iM 1l« 
m% Ctt4 ) 
w^^Q ^ ^ intimation fmim''&mtim, i t en^^ftt^^ AI^ 
00 
t%ftt im ip » i i# t i r f^f«t©B% fi«a. fS lii i %pto«i^' iit» 
i^ ir«ft tilt t^%t0^m m^in^9ti »8isti^« 
35 
U^i <« • <**°** [ l • 0.039 4*^" C5 -^S» - 0.0089 A**/' (r-31)*} 
flie iriOiiiNi of fj^i mm Wf^^^ik in tftlS* ^tl mSi mm m^smBsMm 
^ HioM s!t|^ 3rl«d lor fittftii #% e:i# utsm ^tm^mt ^!ito«r • 
Bi« tl^imttt «f Ait ^t aiii I f i^l ftSKwnd «»• viiltii« ifMI« 6» fft 0 
tuOiglta C < A > • t4) any iNi <Slirlfi»« l»t» tw wpmp» — Htsv^ r 
CW * |B^ «> and ti^it (l» » tp*) vl^^ avtzuso IB«II» sniOMNni ^A9^ miA 
tt 14 i!«^ «^oMv#X3r« fttrtliiri i t nqr lit «Mitieii fkoa Hit etiwf* 
iilitii that 1 ^ pemm%mm ^ ieWm atioacifl f ^ ^mm}f mel^ii. tnd 
mmt of mlitmif « » a i ^ flit l l#it isneltl l» in«7 w»U# ^V9t 
Ag m€ I r eoiis^ttil^ fli$ ^ i « ^ mm%jsi% i ^ l t iMlitlr <^ f s and & 
eimtTllii^ to tht lii^'l gtoi9« t% we^^9Xm INI t^Ni fma IHio 
fft^it fiiftt aippawxliAteli' 1l# of t^« ooUittlffiift ii»«etur m KIM 
li««trjr imelilt 24^ la tlio l l # t faioiol «id oa^ 2^ la tht }$y6xog«# 
la OFdor 1o «tad^ Hui lati^ eaotloao of wtonfttlis li»*d^l^t pofldoiAo 
v l ^ ^KiOidoa aooXili INQ» i l^ ldt t^ «iofoa?tt 0^% ^o lati^N 
aottaao tfifli Ilii9it isad lnwvr iiiolil mpmMts^ m$m to 1li« yam 
mSimmstm la thtir m ^ «^ a ^^wn^ niaii^ po* ^oxofotot %« 
f xotiXoa itoxto ^ th oi^i^^tli^ tlio oiroRto doo to Hit tuo izoi^fr 
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la i^ BQXiil ti!i«a3)|gt»Mui Mpupttlon la m.tti&iA% to soM^v^* 
foif iitp«'«^MAi l^i fv^ntt #»• to t!it two €zmtp9 of 
mmttd, msiom «t>fN»i^^^^ ^gvo gogimitofi MMmmi^ mii«etloii 
efiti»!i«« WoireffSFi mtm Is m^^HM of givliw xl9» to tmililfiiotio 
c^^ftmtloat Cfeie of 1^ 0 oiitoxift lo lisood «Bit|f«ol|r «poii tho 
imilbor of lt««fr pxmm$ \ » oalttod la «a Int^niotloii* iUteor l^x^ 
to W^m ovUNKrien ttio «imtm i i l ^ i|^ :^ 8 liiloiii to 4c llr imolil 
«ii^ tlio otikTo wll^ l^< 8 Oft ase to im^motlimi with ^ 0 m g^Bmu^ 
of nsoiolt 1^ footi I t I t 1^0 to mmm l^ttt otaitt li«vli^ 
1^:^ 3 gm mmmtst duo to '^t lnwyy csrav^  of melol lot ^ » 
•¥ii^a «Sioi«otoxlsod ligr li^< d niqr 1ioloi« ^ tsotSi % i gzoixpi* 
sineo Hio fiUdoxmotOflotloo of ^lo littowo^oao mm ox^ootoe to 
atpiftd 101 tlio mm mm\mm of tho a»oiM l«folirodi tliirefof«» 
foir a ao^iod f^ttMtio «tiid|r i t i« atoosoftxar ^ oopofAto o«t 
ia'^ MaftoUoao vlth ilffoi-oi^ t^M» of nioltl* llilo IIOOOJMIO mm 
WBtrn li^^ifti&t ^m mm atn^oo ^tm mm mmSmw UnpmiAmm^ of 
ifftfloiio iMunuMtivo aoe!i m IStm mm aoswJltotf anltlpUoltyt Hj^ » 
latlaotioltrt i:» onA llio fcvoxiMSi ma^bmt ^ eolll8lcHEi9»<^^ ote* 
iloif«?«rt ixk % i fToa^t lmr«otliftMoiei IMI htsf isolToti 
tho otfuto oopamtoi hs ^viaiag tlioii mi^ tMO imtogoxito vis* 
tht mm^fs tflth \>^B $m Hioao idtli l|j< i# t^ jMgh otxlotlr 
«9««ieliig i^o lo xiot ot ftU oopomtloii of oroato #io to %«ftv^  «od 
3? 
M^it spm^ot mmUU tiit mtmm of Hift ptmmt pmnm 
ll|^ ^ 9 afKr9ti^ 0iia« t t ft «ts% of i»l«3si»»^{»iii wiHi iKsolM <if 
^•4« tofjrlnliflB ftf IttH^ ?ftiinftlaMpa mi Mitl^tfi t l iiiitniin«niyi» 
flie %mBk t f ft i^rHoift ^wt i s IsmBi^ t ^ ««•! In 
«a»l«l«i!i i s iBCHiPt fsfousftbiJi foif «sft3iril« ^«u^ <m9 tiMit w»ml^ 
ffttifts lt)»Qii$tft vii9tit«r e t mt t9t« par^elt fttott* i t &i^m 
ftfijf INI IdMet l^tttd 1^ immxim <»^ #r aez« t f tlui foUowiai 
tllftCll pftlftlMlttfll 
Citi) limlui^'li^ 
Bftil,#Sft lllll ftlKl^ft pftlWMllNiffti iHMlt^ Usift UMI tSftftlCft ftfH 
lift mv «^<3^ flft Hift iMtitoSi of mmmslim ^mdm*. tmtk ^^mm^mt 
lifttfta ftbeiret 
CI) iasuftt 
fbft pftvUel* magi i@ tSio l i i^!) of i t s fftth la thft 
ui^ i^ ooftoifti «i»tlftl^ 9b In iptoeoai^ infe omtlilm titiiiilpi itill 
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gf ft %m(M wmf ^ MMmmt '^m ^ m ^em wmm* ^0im§ im 
m^Mm lilt t0m mmi tf ^i* fi^litlA tmm t i t mmtmmH m3^«t 
Wm$ %tim%» m&% t^ tal^ i^. latt ai»ii^ »iiif* I t !» furni tfni'l Hit 
m^ t* t« It* IMitai^ At mti Um #f mmmwrnsmtm ^ t iidttiKtx«a 
•iiEa^ «m fM t i t ^ f t "^ iw %@ tm0 mm» f#^ JK «Mtt]^ 
«tiil#it *^»^ It ilir«»t iti 
m» It fii»tti«li^« ^ tuti^ fi&lti^i ^emk l^r^tli I t %a«i 
mmmmUt m mmB^U§ i^i^ftxl^n^t^ «tsil#t Mutftt W mMm 
t i t iM6l^ <m« i^ii^ltl It % i«i|l.lsMttli 1^ fimm sti^« £i 




>t = 1 
1 | • CSgAE )^ ca«f> 
at^ «f mt 1 ^ fftiwiif of tlis tntelti II i t 1 ^ mmaieaf of 
(11) !^eii$$xtAs0 
k €iiii28«d |Mirtleli» pa^sliii llumii^ mtter gotf^im 
iiitli Hie iseiOtiib f i t i a of mmM. of tho awdtns* Iho ^^roo of 
aoftooMisit Kaoim M 90ftt^ »?lniFt €wpm0m oa i^ MxiVt mwi tM 
^^« Ciwusiifwd 1^ dugrsMieS^  %o%oia m^mm^tm «ihoy<9 to l^o 
tsmoSe ooaiNmi^oiiiill^ to w t l t t ^ mn 
n^oxe p ir to t!it fm^mt of ISMI ptrHolA neMVU u^i tM w l o o l ^ 
infl io «ici^ ft«i9a iJi liBfI $ to tto ehuastit I A uotto of (^ Lootxoii 
oluixtett K to tho ooottiaTliig <»)iiatiii% «i^ x««80d i» Kif/ioiyoo 
«Ba *! to tlio eolaploiigtii ia^ f<ooooa tB aloxon«« flio ooottoxtuff 
ootiotoiit I to 0 oloifJ^ ^mmim fonottoa of tl!0 oell^tiiictlt tM* 
to o 108^^ l^iiTOOt of ^ 9 ^orltolo volo^tjr and olm«so tn 0 
poanioolor oooti»»li^ es^oilot m^ ot osntntom Zto imMztoot 
mlm 6&jpmi» mwmMt m mm i^imry laiod la tto oolosliiltciii mM 
n 
1^ mmmAm tilt mmtMM \m^m» miimmm^m ^msm%9 %» ^m tmaSi 
At mm3iex $mmmim M m^mSL mm» mmttt t^gogmis mmm% ^ 
emmh t« tint tmsk ts ^ilm^ ^slr %^«laiad}^ ef iter•liOfod 
genliis of itiiit« ^19 tmaiVQal^  <piota and not aeetii«sil# fiflsitx«a 
mtliod «&<! ^Im ^mmwmmt%^ ^T ^ttilt^* attlwa* I3& l e ^ t!« 
sHi^ hoaiM til* im0m mm Mvi^a iiit» talis et mm^ %mgt^ m^ 
efmm^ tn ^m0Um nMeli ti^« f laoa tmm e0X te otU «iw thm 
mBtmam0i% u^ eWll mm l&mmm «« t» iKHf Hie iraOJaa «f ^^ i s 
at a*^^ m^ J!mfi%9 «t al«^^ 3^ IMs »«liail» %li« Alxaeti^ m of 
tlia %it^»it to tilt tmlfttaf^r ia avalstttli at a ixiiA»^ of apail^ 
&pnm^ poiato a^ jyoiii tlia tsa^i tlMi ^Nvta^ aSia a3p» aalimlAtad 
f»»» t!^ ilffaififi&a In aneoaaal'tra wmMxm* M a iMitliai la I'^ Xf 
taaiana m^ ia itaal^l ift^ ft m1^ a aialt las^e^ of txaole la 
a:failalfta £»x* n^aitfaiii&t or %haa tlia paiPtlaSa ia atxancljr 
aoatta^^d* But vINt^  t!^ aatu aoittaiiag angla la aaaU t!ia 
angular aatl^d la s&mtniU^ mpmem0»A % tfia aaeyiliiiata aatita^* 
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m^ttrnflm W ft c^iki^aiit iezifi^t % tmmm, m the iNill*].fas^f 
tim Wmmi$miS* H» tMa |ianpo«t ttst tnti^ | » a l l i e d ftlenf 
<ma ef tlHi 9»e1l3^iiittir s&tl^ of tim «le«a«eii»99 «!»••# M ^ 9:1ms 
^md9$ m& tiMi ao«s«89{maiii8 t^tmammlm^ mm w&mvi»ii v i l^ 
s mmtmt H&tmm§ lamm at o«aii»3l«iiKt!it wimm tin x^-iadt* 
fli.8 pfOft««i in iPepidteS fo:? A :!U(2S« mm^r ef tSjiet tiid tiMi 
mnmspmitim "vulttcs of t!i» eeorilitft-lafi 1^9 «x<» aot^a doifli* 
fh# mmmJNmmtsi mm tlie dlw^ i^eftii of ^m twB^ik fxoA « wl^Rii^it 
Wm thftt «xti»dta> tfiaofilljr p^rftllol t» tim tXM^* fh« VIIUM 
0f tlsB I|^ e ttft tttod to dot«f«iiMi t!)o oooeiia ^ff«yQi»$M« B^ o^  
f0^ oftoii t f « ^ «i8lag ^m mBj^mAmt 
1^0 nvovtgo «)iio1Uit9 iritis^ of tlittoo m(sm& MUmpmmut % 
i s a wmmm of ^ ^ iMoli i o ^^Icmlatoi fxoji t!i« fotliowiac 
Oos^on^otiftUi't *^* i» aliiajni e©i»«jpt©« i a ^ ^ 100 At *^^ *®^^ 
42 
t » 100 ^ 
fH* vsliit <if ? 90 #lit«li»«d is ftlwA^R i i^ t« r tlma tut 
^m« sismt <»f t l^ ^melc £^wi ^  etrtalft •e«e»i ii8r»l>t«4l tn Hit 
ai««g&«fta»i^ «« fli#iN» «m>»i ii£ii« ^n ^ «* ( i ) gxcil^  aeiiid ^ i 
?««ainff 9vmm§ Cti> ^s^i^«ii« in fseaiiloiitsf Cili) ai^ixitii* 
«emtt^ ?|iig And Ciir) iiQ»»lliittir&tilts in ttm mi^mk of Him 
iiefot<s«i9# «laie» flitdt i^^ faet« «r« wMiltMit Snapud i a ^ 
tlt« i^endl I tm *itiii99*« Sent of i^se «ff«ot dt» aet iii^^mM 
upm tli« eQiiwiaagtlt ttia ot!iei*9 fMrr» oojui d^tn^net on w 
a«1il^l«s^lw fNi fonsir i^nsitllsttt *^mm m%w^^ vMi* tii» 
lattav lm3sii« n^mU timt SiiT ^ ^fticiiit to a,9tiitivd«ti 
f«ott tfftcie mmt^msim* 3tf t l^ i»>i»« iMdi it|^ «eii «» ^6 eolli* 
t«cigti) ai^ AMBIKNI ^ ir«)^ ts lP# *l!i& ^i^rtiilei irjiiii* of ^ Q^Q 
anjf b« oMaiJiod tmm iSm foi3;oiriisi i!»l«tioiit 
vlitft 1i| mH \ «ro tho iMM0i Yftlnos of tiM) ooooad aiffofwoiotti 
fOf mVL ii««i t | iisi4 %g 9fmm^'f9it9* ^^o ^? dotoyiti^ Uie 
woeoiid tIftoiNBioot foi? tiio ooil<»l«0iilli» oao »£:;; o^ ^^ l^ da aoifi» 
43 
I t msr lit »et*a ti^t H&h mmxm p«niel«* pm^mium 
^thn* Xzi smell &im» i f the uteeumiMiatt «3»i mwvi^H ottt 
la tilt timcstai i«iy l»r 0lm«Pf«d« f|i# mi««-tre« ^ IQ© « af» 
C^ Ifoaffiil^ t. Sitfltltft. lilglMiS* 
iHtii eimstaiit etU «!«• aeflHSd £• tiplD^d for tite 
tmm of a imse^ olft i f tlio elisfii^ a in its ••ioi^tjr ftiNi iSRlX* 
^Bstiiitfli 9110 Imo to wilco iBiftim2«iMiito oa tami^ eo Hour tlio 
m^ of t ^ ] r mag»* Ao tlio ^^rtioio oj^ pfoftotiao 1 ^ m€ of 
itft fwoffOf its voiodlty tM hmm t!^ vainoo of IL olsoatp 
mpiSlj' im a iivoa ooHw loo^th. I^r poi^ foxidiig atnoufoasnto 
on OGtoti ^ ni«^i t^o psolxibio valiio of H is ici^t oosaKtuat li|r 
fmf^im t%o oall. olftoo* fM» psoeo i^ti^  io x^onwd to no ^ m 
* eonaitasit oagittt* aotlioa msA lito ^om pi^ opoi^ d fov leetfaetini 
mxiMm iafOfSfttioii abottt fho iitiM9l.e mmt^mfim of t por^oto 
mme tito oii^  of lt« mm9 in oiiiiiioii* 
l^ i^ eli:^  t!io fovm^lm ^pz^xiastioa for tlio tmm^ 
mmmf roia^oiiy i t m^ 1»o sMm timt la tlio »oii»yolfttiirisUe 
li»lt« 
44 
-^  - o,%n tVs g^*m g-0.16 ^ . 4 8 j2 , ,^ 
f - * f t - 0.118 «'/« * * • » » 8-0'*« !<*•« (2.1S) 
It my ^ noted tf^t a p2ef of leg t v«rMs» log H iNmld cdirii 
^uroliel liooo for pfi^tlolot of dlffoarost »ft«8t3 and oliasQi^ Q* 
fhodo €i«pft» nsir ^ ueod to olytad^  tl^ vaXuoo of R and t t&T 
m 0,vm Taliso of 1 oos?»^ oii^ £Uig ^ a pftTtiealar ^srtiolo ot 
menm inso and o1)ftX««« Saoh oo>i««»t lisfo IIOWB pf«p«rod lar 
f.y . t 10 .^ tor p»>toa.. K . » a X . . . « » . taklw aiff«aat 
vUi>«.of7. aii«U7. th. » M of a» oalowM ptfttet. » 7 
!}# ooigpfirtod f xo» tlio f oUoni^ volatioitf 
i#%tvo "^ o «obi^]!ift H otiiid» foi^  tho lesoiai puftlott* It mm 
1m 3 t^3ited out lioro timt foi* n t&pptm tftolE ooi^ poetod miSm 
of ^ fl$«»til.d iNi u^d o^ d tlms imos io otlonlttod tteiiit 
45 
tttiexn 0 Is t!ie angl« of &ip of tii« traoM m the ui]^roo«ss«4 
ftffitlsioa* ^t iitiouKI \>9 points^ out tlmt for wmamTim s^as 
of p«rtielo« Iqr eoastiint etgitta &» i^odi %h9 tr&ok nhmXH !» 
ir»U %ti&mA ^th tho ^rootlon of ttag« aotion* 
fh« ftl3ov« @6t^^ l$ir« flie<3»iim1:0 »iaiiltft i f 1 i« dotef^ 
istnod ^ using a losgo m&t^ or of otlle* If t i^ow«v«x't 1$!d 
aueibar of o«Uo i s ^ t Xafigo ooou#tt the l«rto iKa«X« ain^Io 
6mtt«t« 8«i^  tmAyOar taeareaot t^o iralao of 1 for inaitiditfti 
tfneleot ^ e largo ^fUotiozi« due to oia^ t^o ooat^»iiig i^ milA» 
thorofor»t \m §mln^9& aeooraiiii to ooao proseziptioii* ^ 
mmts^tltt tMst a l l t*«o viOuoa of B > 4 ^ aro roplaoed 
b^ 4 % ^1» operation io rc^oatod ^ U aXX irdluoo of 3> aro 
in fito 4 ^ i i i i t* this roplftooi^nt isot^ od %sm the e^antasfi 
of retaining sore orl^ina}. inf^z'^ation over ti^ at of a *'eut«» 
off** proet^re in vH^h wiX ^ e indivia^aX vaX^ee of ^ greater 
t^an 4 1^  are resove^ 
fhe ioeieation caused by a (^&m%& partlole aa^ be 
estimited b^ r fssasuriiif m^ of t^ .e follovmcr quantitiea on 
the tmdfct of t^e partloiei 
Ca> §3»in * ^esity (b) Blob •* ^entity Co) Blob ana &a^ 
46 
I t ts SM^mBMm ^ »»^ « ti^ ?» *i^ «* «il. *^ « %^m9 
n i l typt® of tm<sfe«» W0if«(vti?» to l^e piNi^at isat«sttg»U©ni 
i on le f t t i ^ oil flt# tftteles of t^« p i r t is les tig r^^  l is^i aatlfso* 
%l0% m^ ^ 9 §m ' ^ i ^ ^ « « * fli^^o?it»t m3^ tfi«»e thimt 
famliirTi..l^gitti^ 
0ad» on «fe# «ii«i?g<i and irelj&^% ©f t^« p©rtl€l«t 1li«ir«t&f®t 
i t to t«i^«ii 'lO' 1^ « mmmm of l i ^ i a t l cm* Xt hm ^m 
t<>r parf iel ts l^ifijst INsv i r«^^ t l«9 f i t i « ^ f ^ < ^ l t 
to eoimf ism^t mil»«^ #f ipai^s a i ^ g t^ .@ tfmak at %M@: or 
l)li»1i e$imtiiii I t «»§<!* l a tlii@ Q^fsxt a l^ie^ i^ i^^i for s 
4? 
8ii)c}.9 sanKUi or a weonp of mamml^m^ gmdi^ * this eiothod 
eiui tm ai^ 9]l#a for & lislted tmm of iraluoo of ioni£atioa» 
la fho 0§ oaaiaioiit for exisapaot i t ho3.<!o good for ITAIHOO 
of g* lo»« ^m ^ E idth 1^ r^zu gntlna/lOO 11* 
later o» osKtoaasa fey foiiXor m€ forfclas • It vao i^ o^ wa Isj 
0*Coitllfti|i!h titatt ett ioftst mm % Halted mm® of iotils#* 
tloat tfio i^^Xeagtho fe«»e « fftqiiam^ ^«trlt»ttton of tlie 
tQllmtm for»i 
t^ or© ?!CJ) ^Qoteo gap d^sltioo of m^l^oti^M grotter thaa 
It B i« ^ e liloto-Ooao&t^ r &i^^ tho oooffiel«eit of the oxpo&entt 
i t in ft vmmte of the gfdia^afatiltjr* foirlor and Ptridiis 
ooafirnid t^e obstsafraMoa of O^Coallai^ ^ oa Uirt^ tX^  ioaislzii 
far^olo® m^ hme i^hmm ^«t tiio 4a.otxitttiti<m £• oxponeatitl 
o'vor tlif o&tiro range of losdsatloa iflii«li oomld b« tieacRsrodb 
fho oooffiel^ti gf of t?%o expoa«atial. hsm t»o«o »^ oim to bo 
mmtl^ propomenaH to the rtto of fl&osgr loss of the ionlting 
fsniolOf in the aitver iifosdde exfntaXe iM<^ i t trgvoreeey 
for taliiea of ioMsatlcm below ebo t^ tea tieee the islnienn* 
farthort over thle interfsl of io»i«atioii value of g* i© 
alKist iadi^ mdeQt of the degree of develofi^Bt of ^ e 
18 
of ioaitattoa c^a«d hy the p^rti€i«« l^ ovle^ and fea^siaa 
ttttre @&iElt98tad ^® folloidag a«tlio« for natisattuff «» If ?t^  
uTid Wg ms>3r98etits »m^«otiv«ljr tli« esiiiba]' of git^s of Img^m 
gsemtmt fhaa X^  m^ Ig sHrnm tho txtieif '^o io«i«&ti<^ p70<» 
^ • r l^^o also f«»md ^ 0 t&Uidvlm ea^itioai i^lotloii 
boti#o«a B and gi 
B • « ox|»# C •o< nl^  {2^g^ 
% o^ro cX la SI para»at«r i^iott i« ^tw^sSM^A laneolj toy 
aavelopod gifiiiis (^ta« and to a laswar aKtact by tlia optioat 
l^•aol»tioIl of t!io aiexoaeope and KH« oonvei^ ^oii aasplo^d bf 
a pciTti^lar obaofvo?, 1|»a valiso of c^  lo ^taiwlaad by 
aaiiig tha s«liitioiia (£#ir|> a»d (^ «^I9« la #!0 praamit 
iuvoatigatioii t^o val»o of <:< lias baaa found to ba —Q^Hji* 
fha ftmett^m au^tstad by tha atit^ oipa for tht dtelansimtioo 
of g^  aay ba auseiarlBad aat 
(ft) ^ a isa^od of blob oou&tlfig #!o»Xd ba itaad for l i i^tly 
ioQltiisg purtieXoa vhm i o^  < 0*3% 
49 
gti>»i«i^r^ is <iii©^^  iM m0i m ^m' i^ft% tM i t#5 tm^ ^ ® 
tea tmm fht 1J1J9% «ad ©if ladtfioit i® i^isalstei tmm 
Aef/& niiiiiiniiwn- mill nimiiniiiiiiiniiiliiiiiiiiii »niniii iiiMiriiwOTi.ii ^ w# m^l 
mm0MM^^ ifii%. 1^ « ic» i^iit£c>ii n^ lie $»tmmSjm&^ fmn the 
a&M ai.0%i^s HI© at©i4e »leetf«m»» la. I^^m iiiti«fai»ti0ns 
^ff«si«at ®»«at 0f «tt«®r fan^tag f*©a gti» % a» pV'- p^t 
«*5»^ m %B &tmtfm. mm m^ p i» %$ vet0^%^ ©f tlit ponidlai 
is i.iipn«t#a 1^ %h% iu^asnt pa^leit t© tii.e attisio tl#iitf«isigt 
If aa eluetftsa in @ i^iilti^ @ @iiiiitin. wm^itm Istne^e «iaxi^ 
^(i 
troB th« Kaia track will tJ© suffioitatly large to IHS cib«9rr«d# 
Sue!} eleotiraa txAdce etre kxmya a« deS.ttt*inip»* Vailous «ut>$ers 
hm0 ft^pte<l dltfaremt ec^w^tiims for eouiitiag £«x% e^« 
67 
Wovevert the <s7lteiloi& used b^ tl^ bssit et al* i s id.deis' 
used ^d for Qt3 malntm, i t i s as followat k i^aln of graioa 
h&vtng a pro3eet@^ iongth of tf58^ oa ime pl-aa© of eaalsioa 
from the axia of a tsaolc i& taken as a S »T&S* 
fhe ^ *»ay d^aiityf i««f» tlio mmSb&t of J • rays per 
ufiit traok iessgth doponSe on Ute ooaveatioa a^ted and aleo 
on th9 <^ ar«e aad velocity of th© mnng particle* If j^i^} 
repz^sento iko ^ ^ray dea^ty for a singly eharged particle 
having a velocity^^ the S-ray density for other partiolee 
nay tie oMeined frorsi 
mp 
Where % i© the iisan emmf& effective charge for produetiea 
of ^ ''m^Q* fhQ total mi^er of (5*»ray» on a track Ijetireeo 
the point i^ere Hie particle velocity is fie and th% point 
where i t coaes to root i«i 
a 
K^  -I r n^ » da (2,26> 
0 
In the atiove equation E is the range of the partiolee havinf 
velocity jB c» for a ^ v ^ particle if the velocity interval 
51 
•«{ 
wittrft 11» tM imos of th« partlel© ia ttiraai of pmtim mm 
Had S *" i s neaci a^ oar^  el^dotiir» cti&«go for t1)o iwtss^ r loos* 
^0im nmUmm iu»m$ Vi*m m^ ii*m w© tiftvo t»!o foiioii* 
im j^utioQt 
la faett t^ io jnatloi 2* /^i**^ io iwasOy oaaal to imtty, the»f 
forOf undor Hiio c^pvoadmtioii tiio abovo £«l{itioii lan^  lio 
wfittea apt 
H^  - B j /'(f>«> (8.29 > 
fh9 quaatfty »^ lo tosaRA ae lut^imi miistoor of f *aiy»» 
3jif«i t!]o integer TmnSHQW of ^»»jo i^ ffo^poiiiSiiis to &.ft«rmt 
iralnoa of tt for pmtmm^ Vela^ ^aat l^ (s;«a@) and fablo 
pri^pfo4 % laa^a vmi,m& mm0» tm^mm msi&i^iil zttntea 
and tntaga^ nttslior of ^ «3net^  ai^ too olrtaliio^ foar diffeviat 
partioloo CHg* £*1>« fhooa oii«?«« aasr bo tiood for ^« laimti* 
fi<mfion of the partioieo if the tatognal nui^ jor of S" »ya^s 
in a giYiO f»ngo aro laeaotiz^ iU 
5 1 Cb 
7 
for \mAriON OF THE INTFGRAL WMiMR OF DilU-R^fS WITH RUDUAL 
RANGE t'OR DIFFERENT PARTICLES. 
i 
0 
5' 10^ 2 5 W 
RiSlDUAL RANGE (cm) 
iO' 
52 
W« 13011 dl«3ll8» ft» to hW 1lh9 <^f«r«!lt tXIMSMt pft»|» 
mtmm mim UMd for ii«»tlfieiit&ig» of psmoitt* I t is to 
bt notoi that tlio dttofstaatiim of mis oxio pwmwilor 
eivimot %m^ to lam^ft^tioa of a i^urtiolo mi no nood 
to dtotonsliui m% lofttt two txmcOR pii]Rmet«rt« flm tShetm of 
the QosSbiatttioii to be need depoato ttpoa the imtttve of the 
tfttcic* diftev&XIyi ^e follotfiae ooi^ :»liifttl(8is ere dioeea fov 
ti^ e iaeatifloetloii of tlie perUoXeei 
( i ) ai»ie»loiiiiEA^€3i ( ! « « * > 
( i i ) Sliltiplle eefttti»elii®»l«»dsi»tioii C'^ * i^) 
($11) fieiieeolliltiple aefitt«2<ii}s (1»^> 
(&T> fiiai^»Ziite«x«X otiabit of <^ «zttj8 (E » 8^  ) • 
>je 4li«U sow ^souae tion Iheee eoaliliafttioiie eetebUalt 
Hie Identil^ of e p»r^ole# 
for e pertlote of initigii Icliietio mmmf* %§ tlie 
0 
iflioBe«» &/&t t& l^ e site st WHt#t tite puftiole leeet ite 
esemsjr* I f t9%e ooatfilmtloii of the amdlative fsoeees ie 
53 
« i ® / ^ m 
4^m^ «* 
2 
faifti@ld» S In ^ 9 fixate miSiJ^t m i 8 i s Hit imalier of 
fttofis p«i^  '«»## of ^ # aatiH^al &f fM^ttRi I ir^j^tt tnfs Hit 
t f t t t f ^ -^ i |©iii&fttl@a p&t«mtlal aftei^ed mm a l l tleots^mst 
i f i f l i »isp«€ft t©^  tlio«# ©f 'flit ©tlt@y ©s%l%il el^t f©i i i» fli« 
«iiiiiKi:ll©i% l a fli© ato^© ©quatioa i@ ©v®? •Hi© i^rs'tial stoi^© 
ip#<^©© f i ^ i ^ i t i a "tli© ©B»l^<m# 
t H 
8 • - ^ f Cir> • *T* f* C i / ^ Ct,3a 
i r t to i^ t f ©t t%« fartt©i©t til© fiMster f* C®/l$ i?8^ y«©sa*© 
© tQimtl l f iMali i® a l i t i iettm ©f B/j^ J^r p©7li©2©© ©f 
54 
mm im e^ lNtlnft-i u^m tfiia'^^^ t^^W^ 
2 Z 
8 | 8« «U Sg 
«tt5^ 
t^^s&t i6» '^ iBe«i %f' t i l t %ki» p^^elies Imtim "^t @s»i» 
irtlt^tl«@ m^ ^ mit ten ftsi 
.n.iiiniiiiii>iiiiiii.iiiBm:t Hi .iiniir.ii.i>iiiiii.i ni> C t f j i ) 
55 
fh^ tmm * l»iA«iiti©a ( l • if) mme for m^ tm«i? fiifm«l# 
M^ Im ^ Ulalii*^ tiiiSi3g mtMt%m» iM»$S> alii Ct#l^ if 1 * ^ 
mm^ f#3p a ^^tel,« ©f giwm mm in Imoia* f|i» I • # uiawe 
i&r f»efim is. §5 mmltsim %«» i^ik elit«iii«i %f 9mil9ig mH-
W^mMB^^ mi Hiia mm ^ «««« *» ©tetam tt# «^«llair «i»f9««i 
fov' <rt^^ pdiitt.@l«9# flii mmm» m ofelaiiita mm ^ mm in 
f !«• t t i m^ im ^ »8t< '^^ |}ft7ii#i« i^ii^ii^ti<Mi* I t 
•Hi !i«ir« i » i i i ^ > # an ani i a ^ t i f l t d l^ r ^ i i» wiflioi* 
Cii) liii>tii3ift.j0iitiHBilaprlmimllaii» 
i n i s ^ I f o^ *^  m& <^ g %« the wtot^ t f tti® sutt l tx l i i i 
ftmaftttr nt folafn t f ttuni^ irtl^MM^Sf if« ^ i ^ i#xit#i 
i.H»|ii.irm.«iH|Br H 'WWKWWIilWilK - C * ? » ^ ^ 




<J • ^ aiw# f©f « ^'r«a iiai»li<il« i f a i tBi laf mm& for s 
psx^i^a 0f mB^m ia©« sad i^ain® Is pxirtriiti* l ^ t $'*S . 
Hmh t«£ m^ M wm^m ^m^ to ob%^ & «> '^  «»3nr«i 
in Be&nm a«4» 
I t id ^1?^. aiigitidi^»g lidfs Vtmt i^t i ^ l i c t i l ^^ i i ^^ 
miji^m tmx!(lm* ^ tstgff t i a i ^ i^iaii^ la 1St« a^ t f i l i ^ 
naa ef f l i t f t i imri^^ 9tt of paiwwitiite. Im*- h9m nm^ 
ii) S • i»i is t i . m. Uteti liiairf t f i ^ s i#i«ft «BC!B»ftft 
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«t«ir ft mmA^smmWif ^emi^ if iii#'itiiii«. 
f«ri^«l«i iiMs^yHi^  li^^«# mi E « # M I^^ IM^ mm i0nm in . 
iltd i^ r iNMn^ unt iHuH i^i «iii ^ vi^ iiri 'utimlfNi • •ieftt««9 put 
^^^amm ^im mm i ^ l « i i p ^ H^MP «t S«*^ i»l« iii^itit mm 
imm t i t #iNKrli^ |M m^^&m lit f|f« .^|{# mtt nftitlwr^il te 
f^mm Hy i*tMillii#^ iMilifM^ f^iHi l# i^ i^ ni 9/^ t i Hit mmm» 
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PI&. 2,41 (a) Mass spectrum of particles identified by the 
^ -g* method, 
(h) Mass spectrum of particles identified hy the 
R - g* method, 
(c) Scatter plot of integl*al. number of delta-rays 
over 2 mm residual ranges and masses of singly 
charged particles. 
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tn the mmli^mesm mmmxitumt m • iii«fir ^mtict' iMtin^ r 100 
^U9 i(»t «9l1^l.f»i^ lOOyii wmm mmd te ^tcsi^Ji* I3i« ttln* of 
I t Shtas Hit tifot lamiiiNid in ^ itt-^-lolt WK$X% t tU •!»•• > 
4i^;ft listf bttfci IUMNI III MMitttxtnc m lli^t taneiet «iia M^wcly 
% (S^ %jKei&ei Utt tiiii «f %• psMtlf I f «ii99%iiit i ^ t l i i ntlMii* 
tilt T^isem mUkmrn glftft I97 fiqr tt t l t^ i l l t f « MM ew %$/$ 
mtm utt^ t!tt «MMra«tMPKt»i !i«i« iMNii attft at I t t i t «vi^ 40 t ^ t « 
tm Kmmi ^«m mi^t talt^  itontll^ %«i iitm titttnittdt nciXijr tOOO 
i t t ^ ii«(^ ttimtti i»Ni iitHit Hit mmw tUotrti lUi i^ ( * W^ t t 
--^t On t^t t%<»f iMms iitta^ 100 UtiMi !t«» ^ mm. mmMk in li«% 
•fii gap w4Sio4 ifi% I iM tofiti^ atBM mtii i^t ttniHtiiMM i i f i i i i r 
i t i t i^ i»i f9iMm% tmt fht t^t t iUtt t «ritr tn g* ie^€i« 
l^t* M ilttvt l$i«t ^ t iii^tixitl flMoHMa' ^ Smwi^ mmt t M 
9»«i«9i^  mmm d^wi t i t ^ttt tt^MPitiai mmm %• tlaslr ciMMSii^  
i^iftiel)^*. ISitsftftfti <r«iii» iMi^ ««fiii'iti tvtr $ m tMl4itti 
i i ^ t t f lilt t i i i^ i^ ^ t t Hit «lii«iaM«Hi #f ^m tywiit «t«« 
^ t i»4 t f Htt si^ igtt mum: t f Hit 'lrti^ ksiet«»i £«»«iy tmek* ti^ UMH^ 
1 ^ ^ Hit i«lii tmfk im muSb m mir H*t«t I t t^iieiiii tlmtt ttiHi* 
iuSM» to ttptim^ 01^ iNitt t»K^t Hxm Hit iiiiidat ^^xiii* 
Uttfi^ Civtt 1^^ aliott&i 'Nit i»ti» atootut of Hitwi ittkixtima 
mm^ 1 ^ Htit pmfp&m§ titat too pm^m ^mmi» Idtatillttf 
%f B * #' ttfhod vift Mittttta mM ^^mm ^«^ tttn eit^ iii^ ri 
tmm $ m ft«lllMil fnipN %«> a&fftiwot IttMiwi Hit «r«fict 
mmSm^ «C^«xn^ M» otifeKM^ ll «ai %» ta^ t^otti v^iit givtt • 
it«aiis«»iilt of s (S«fi^ ofty t Ml fttldma fimitt 
59 
mt«ct^«i i ^ ^ x i ^ i»» «eio]pts Hot atlftttlsit flit imni* ^ t» i«^ 
# ^ m 1% i» fii^mtftltf Yt»3r #l i lpi i l i t» Mi^ » Hi* mtM i^ivMaiNi 
«a lai, 1!b« %r»i^ «« lot 1^ « i^ iuK^ O^iM t f flp«iiliii i^ lb* ittpiciN 
Hit fellowliir ti«» ^ft«i«iit «^tetl4m «flt«ia#» mm l» iMn t^ f«r 
CD fflit Ifwiify fiifliitf 
C# & <^  t mt 
Hit 1HMI9 c t ^ ^ l l i ^ 1$)# iE»llyfN«liii eeniitidiii wvm mi»mm 
fill Itf fix«^»ti41^ in i^iB m^^wmmm^ mti^Mm^ iM # <%$$ 
t*^« ililffiailiili.tiii i iftf.nltoiysy i ftfi..iJiBilliyiitlii .fjirlltliB^ 
^ i^ is» $§0MU m%/Mm UiWmm t i t wmm mi Hit iii«iiir 
60 
)p«rtiel«» of im&m tmm m^ mmmixm have hmti wid« in 
]!<<iXati€iii8 hmm been pmp&m^ to iiit«i!^lirl« !>etii««ii tii« 
ma@ur(»d points* fov«U et tl*'"^ littv« gi'ttn fh« f$}.Xoiiii:^ BE 
iftlftti^ fo3P pmiimm hmim mm^m hBt^mm to and 6^d l y^ 
vlh&3t9 M^ i s t^9 «&»fi2r ia ^V ana ^ i« tli« n^wi^ pmid^ user 
!<«»«• ia idGVOiid* fh« iritliiss of ec8iat«itit« K mA n as oDtaiii«d 
by Fov«n et al« *^  mm O^ZSi m& 0«9dt znt^tRitiYclr* -^ft 
mbcy^ e srftiatltm i^n eiisiX^ ^e «xt<saded for et^t? singly c^axgtd 
p«rHo3.«» «« noil* Xt «ft9lif foIioDft tMti 
i^«re & i t til* mm of tNo ^rt ic io in ttrm of ^rotoa 
ts^Am ^ 0 vali»t8 of tlio oosmt(iEit» K and A «« o«g$1 and 0»^1t 
t^o oonroopondiiis « i^2a^oa8 foryu <•» Beaona* 7:« aaaonst I * 
aaaoaat xi* ps^ l<}1^««i t^witez^ e^ i^a a»d txltoaa art at foUovat 
s • 0*101 n^^*^^ I B^  • o,i?3 a^'^^ 
l g » 0.198 Kgp*^* I B^ « OtSrr^*^^ ••••(£•415 
% «• 0,556 Bjf •S®^  I B^ • 0.598 4 * ^ ^ 
Is giBtmly tHt ]c«ng»»wax8ir valat i^ for a baa^y aaeiiais ia 
tHo abaoAoe of oaptura and loast i^^ oaXd bo givia b^ r ^ a 
^pationt 
6 1 
^0m ?> and M lUfe r^api^titrolr «^«sft* A^^ i»9e tmii9t& of 
%3 • Q*m %I>^ I B - » 1*004 rf**?®^ (2»4# 
1f0if«rftf« the l}e»t ATfiilaHe x«$iilts tm mm^^^s^^S^ 
imihm W8t omriltiily fioat«oXi«il eonaitiQtuN 
f«latl«m» (a«4id«iid (i»44^* HT Hiit puzpose Iti* tnmm tsi 
t!!« fairtloIe« !i«f« tmm nessui^ d dlriiitl^ for ttoppiag tmak** 
f»r aioii>»«top^ U3ft t r & i ^ I f ;< » g* iMi^ od is tt»9d# th« staages 
of fli« pftftlc^tft ^«ir« bMH emtei^aajmt ttslag R » is* oazv* 
( f ig* 2,^» 
62 
i^^il l l i i i i I I I , 
\mm mievi^A m% tn ^0 %&»% tm ^m^ m^mm» tmm&t of 
4at«aRii©t4©ii» ©f ls«<lf«^» trlfli iaiel«l t!g« sot hem mi^ ia 
63 
hmw m%m ^imm pmamt^A i^i#i psD t^idto mm olJiie ^o i^dQi!«» 
tm mmmlm$ p?©%m# iiat«sf©a t tjsttim aufi W«*%iwta«li ©Mttefi 
p0mtt Hit' i^ xoa»€ i^«& »iciiepi«B ttt | l # i t i ^ fi»ii«»tii%ft 1 ^ ^i«r 
ptmM Mm irtUt I t i s viti^ tMs lnti^ti&ii that «• hm& stu^ad 
tli« ft#i^ie«af of p* ^ 3 ^^1 • aistiitetieaa 0f i i # t « r 
fanwmtft as nftli a» of si#w #i»iii»t e i l t t td ^ t l i i^latii^el^ 
%mm m®W^%» ttimmii^ %%« imt i^mmf i^mi^ 
%« ^tgi i# ateont %ft «ii^ %*. #i« mim^jm pm&9imm§ 
• t ^ hmf a i f i®^ l»3^ g i t id i ^ Oiii^ff^ I I« I t str ^ poiatti 
tu t #!iit #{« i e i t e t i ^ $fl t«i ia ust^ 1»|r us ««l«ist p«9to»i« 
tiimt a«sit8i^tte» 0f ^9 mwmmU%m i^mm§ '^t^ i« »«wrigr 
iaSi|i«£id#att <if ^ « tse i^anl®® &f i^tmrnU^^^ i s ftl»@t ii^lii^%i««i 
64 
^ « %0m «f ^ipitdi itiflniir i^ »iftk«* %t«iQ|g|«i^ i«liap«i1it«!t» ftit 
1^« tlHitffid vKSiit C4»lf j ^ 0«l^)* l^t Hi* mim #f teipttiiaii villi 
wif ipt«Btiti Hit ^tamm «f Hi* uWm n^mm'imm hmm ^imm ffVM»&i 
tmm mmmnP^ di% mt li»l UVM tm fmm villi % ^  •* ^« 
65 
'Wlf^  ^e Tallies d^t^ti^i la ^m ^mmsM m^^wlwmt* I t i t 
n 
i s C4«^ ? a 0*09 } i^lcii ia X#sit ^m i t s eesvtiiHiiiliiis iralii* 
Of (6#01 ^  ©#1i > tmm^im9ilm^m Aifii^ • f* i l t St i ip^i iaf i t 
i® iB« to tli« tme% ^ s t mil. t^ ® tfteiia «f l«si^© ppi t t t r 
tlian 5*1 m Iiii9« iMm t i i ^ ^ ^1" li i i i i^tar •& i ^ i ^ , 'lAn^mta 
lit hmm ^tim& & tw&m t® ibs if»f if it@ iimitftti@ii Hm 
« t ^ txicioi liouid iefiMtel^ iimi to m m-im^a^twtMm of 
< » . > ^ s^fliiM mm of -ti* i«»t«Bi«fit tiltoiMi- m i H«riMMiol«l 
pipodo^a wim %mimM,m mmm^^^Mm to lilaele t ^ ^ i s ymM 
im mtm%mi ms m^^* Biiiljiftf» ^ t tm«s3i« ^t l i ionttftti^. 
ioeii Pirn %S ^ tiai^ « ^^BR talse» 1^ no to ^ a^o to (#iowi»f 
^i%% in. Hiimoi^ o «^«idii^t tht i^ fHiiildUyii of ^ 0 ijbonoi* 
tmoHo < 1*4 j ^ * fiiio^ mitmsmm wmw nJtao ^o^tfilKito %& 
tho «0*.mmmm% of t%©^ ^->to M» «i^ «Bl!8«Bt* &it -^o 
imi^o of < a^ > flfe^ii 1)0 ali#itl|r eoro 1^ otnf i ^ i ^a i i i t fts 
mi^sm^ ^ Hio^' of l^lnioit^ o ir^ lsio* Mo ii:@:f« ot^toiaei a 
mm% i to vftliio 00IS08 mt to l»o Cift§§4: €^ «t4 >* i^ o #»iiXI noii 
l>iroiiiit ^ o oofi?olsMoii» l^ otvooa fliooo piiPs&ioto^ o yhiiii la ' 
t»im 8ft^  tm& to IntorootHif i^jioi,ii.^mo n^^t ihn w^f0%m&m 
of Hio p9tiii»imol«iio intormotloii* 
1)6 
5.2A,8, T»rt»tti»» of < a. > , <H > a n S i \ > td«i< 11 > I 
^ tic* ^AI V* ^v# dhomi the 'tftidatieas of < &_ > § 
I* %m totan ©li»«apftfl that in^y* ^\} w^^  < 8^> |i»6yt«i« 
itntarlr «ii^ \ « '^^ i&%3mi$m i^^tims !i8V# 1i«iii fmme 
< a^> • C0#19 jt «#04 ) < \ > • C4» t^ ^ Of l^ Cf#1 > 
<»^> • (0.6* jfc 0«05 )< JTj^  > •Cl,fO;fcO,a?| C5»f > 
f^ madi lijr -itt l«ii«t ^putAs f it td tli# tetft* .fb« tliit pixp69%$ 
of ttn^itlit Wm 0f ^9 foxm f « «I # b* ^ « e«i«ttfit« m m€ 
% hm% hem mun^ma hy eoHiod of lom^ tmmtm u«ii3g i^o 
« m E.[«Siiwl>.iiXm..ft.,w«.iXiiii£^<iX t 
i s r ^ -lie xx I 
m^d b m r 
^mm M Is th« total miSikmf of iatorti^it $ho «Ffoif» In th« 
66U. 
FIG. 3 .1 : (a) Variation of <ng> with < N^> , 
(ID) Dependence of <N > on <N^> , 
(c) Variation of <N^> with<Wj^> . 
A A 








3#2A*?« ipg.ft,wli« .fiMiifginffftfti fig.Jift«iiffy3f fMMnltm^ 
%9 ieX%&\dm tabi0 ^V0» tH« atnttati^e of t^e %ta 
of <31£f«r«&t partielen lift^g in ^« s«l90ted aeMAtiiii iaterrala^ 
the im^nmclm 9f ^iaalcm of th^ts par^fsl9s« obtsiiiedl aftsr 
f^ pljTlas tmmpTimt^ mvmfMm^ti for tlio gooaoti^ tfid othor 
1.0S908 >ii«9o 8X60 hem ^.'fm In 1^ « %bio 





I'.iirm iwwiiiiaiiiwWMiiwiitwiiiiiiLiyiiiiijMiiiiiiwMi*!^^ jiiiiiiiiiiMwmpniiiinwiiir 
{ obaovyoi I t^tgNsf ftftor; iSr«J«S^ 
I mfSmT I rnvsmtim f **^ ®^®*^  
I I for««oMitxl4 
I f mCL loooM I 
\tmmmmmmmmmmmmmmMmmmmmmmmmmmmmmm»mmi*Ammmmmmimmmim mniwi 
tfltoa 
£40 « 9@(> 















latidss la "tit ]pi?o^©^eii ffti««ft^«» ©t fwt^aiit ^^tas^ait 
m& t l i t ^ e tap® ^ py&n^mt^ to i^« fuMii I0»5t| f t^seturt ly* 
f^at ^tlit siiim m^mt ®t gms^ tm^m 'pm t^im§ 4 i > § 1 ^ out 
s 
fieii» i « ' - f ## ©f a l l ^ t fi»8^ t»^e l«Si §0ttf«tii i lias 
of l i t Bat #16 latt«r i^t^^i^ %Kt« ^3iii^.di^Ni4^^t otesw # i i 
I t litipr^ us i f t l l i» l l#% iP^ttps «t meii^# la mm of f * f 
f l i t ir«I^« ©f ^ ^ - ^ f C\} • ^ ^ z ' *^* ((a^'^f©!? 8l<m 
pioa ff<©iBi«ili5g sfar« tis^® %@m imm& ^ lie C7»55jfe O f^fi )§, 
t i v t l f« ^^mm ^ # < i^^ f(i.i^ ^^ tiiE£i^  iria»«» f©r a l l ^ « s^s^-
n i ^ l ^ > © HIT© (4,5f a ©•09 ) iClOsfO J:^  0,14 >» C 15»5? j j Q#lt) 
m^ (7«|& .jt 0*1^ ) • ^ i » t t^©^ i^ ^ms m«» ^hmmt^BA t© IHI 
•ig|.tt©a la niAtivttif ' ii.©i»ri©ir 0^x9 m^ t i « mmfi tmimt ©f 
#i©ii©tt gmf m^ t i ta f i l f i<^»iAi' t f s i i ^ tm ^mm pm&m^mg-
0%wm iM&em^s 1sj--^t4#» ^ asi t5^ s*iit©cttiPiS^ m ©oi^^itta 
69 
f# ^^w miew&epmMm '^^^tt tm t i l ttiirs* I t is 3?^ «ilmM« 
t0 aott -^mt th^f t l » 0 ii^ tJ!|r tacfftas© ia. Hit ir®lii« of <;» > 
i a utaiftt fzo^Qliig fi€@iii aasip^@a to^  Itce iral:Q# f t r a l l Hit 
i i n^mm»& tl iat '©f al l . tti® Miigl^ liiRXgea particCltii -^1^ 
we9 ^ m^mm9 m^ txlt9&««. I l i l» im&ibat ftsaim® ajytsosl 
e^staul! mm tm ^fimwit i^*i! i f•wii i»» I t weg' Ijt a©t#i 
t f i t t Qmf mm%%9 m^ I B f^.seiiE^I« ai^ndsiwit iid% that 
oljtttaaa ifey tafidtt© awth^ts^^^"^! % t %@ amti© of ^ u t i y 
t« slaglf liifiprsed |»i3i?^#l9st nMM e&atd o»t te lie (O*0S1 .jt 
A diM^i®^ tm^mm tm #te«i@iirsd m the <saie of t f i t sns «« if-t l l* 
ffe.©3a fas t i aar© ?©fltet«fi t i i falJlt: 5»i# 
mt io of ioiii»lr ^^ s^^^^^f i^ms^m^ i ^ r l i e l t s m l 
^ « ff3?o^tag€ of d«iit9fc»i« una tt i l^me olit of t i l 
^MinwMMiMMiilMMlMMlMMin^^ ll»Mlii iiWi|ii«it»iailiiiiiiii|li»»i»»'iii<iiliiiMliMiiii)yiMW 
Battio of tagl*> I %t l# oflotali* |f«3re«ait«f9 of iStiit*-
\ * \ imm m^ €1% I %^ m^ ilisi^^ir f i ^ t ai^i t ^ tcm* t f 
' I l«9« I ol@i I i ^ i f t r l l o l i s 
8 • I f ©.t^l A O#CX50 0#O44 J; 0#oaS ^#90 JI t»Sf 
8 • IE 0*§4g jfe 0.015 0*052 $. 0#0|6 2f#18 A 4.26 
15 *• 19 0#058/^ 0*015 O#054 t »#Ott 50^60 Jfe %45 
20 • g | 0*081 z 0#016 0#0^ X 0t015 26*00 ^ 5#l6 
50 • 45 0#t54 Z 0*045 0»0f5 ^ 0«O5I 5 6 | ^ 'z 8i,11 ^MiiiiMiwaMWiiitaaMiHiBiiiliiiaiiiiriHiaaiMaiiMW^^ 
70 
with <fL> , <MJ- » <H > «R« <» > t 
fmu»««r, < f > , with < 8^ > for pwteM. awtwsm. t n t o u 
«ad f?#%i^ !meX«l« I t ia 8««i tlist < f > In th« eftt* of pjR^ 
touft @«ka deiitezmii l2ii»m@Q8 Untiiljr ^iSk '^^'^1 ^» 
ineroftet la <f> foif ^«te»3ii« la l«9« snipid eoi|}«]r9<l to 
f^08a fo:r pfotoRB* £a Use oas« of txltoiMi m%^ Ha^^molait 
!ieif«9^» <f > itaa t>«aa tmxkA te ineraaa* tuaftmtiotXlir vtitH 
<S|^ • ^ « fo21eviiis raliitioailiittt loefliftiei < f> ana <^> 
<f >•• 0»016* 0»OO1t <% > ^ (5»t0 > 
fha irailfttiazi of <«> utth <8^ lia» l>aa& #iaiia ta 
flg*%5* I t ©ly tw aaticaa tieom P\» flgort *^at for m^igf 
pttT^ola <f > luei^ msaa linimri^ ^kVHC^^y m€ htm tMaa 
tmm^ to lia aatififlad b^ m» followUii iralatioiitfiipi^ 







































^ e «ttt^ ©f ^aadatim ®f < f> uttli ^I.^) for 
m^ *0 ^m%m&^ ®i« iraidst i^ ©f < f > '^•©i <» > fer a l l 
<f^> » 0*l4i • O t ^ <»g> CMS) 
<f ^>ii 0* i f i5*Q»©sf < : io O t i f i 
I t i s ^Xmse imm 1ls« sfe©t«. ej^^ti^tii^s #i»t < f > la ^i«ti 
vifli. < t > i t mm m$$.^ $M- %« ^swm @f i^ Nsntwrefiui ays e^i^ i r t i 
flie i r^r laM^ 0f <f> i^fe <m^ t&t m.tfmm% 
<t^) • Mn ^ 0*154 ^Hgj) CSilS) 
<f^> • 0*101 * %m^ <m^> C3»1f) 
710. 
fIG, -5,3'' Variat ion of < f > with <iC.> for different 
p a r t i c l e s . " 
71b 
PIG. 5.4: Dependence of <f > on <^ n > for different 
particles. ^ 
72 
<f^> • 0*100 • 0,035 <%> (%20 > 
^a-> • 3tf figs hm» d^mmm^^ ^ml <f;7> imm&mw W^m0^ idl^ 
the Inere&i^ la f^« iriOttt ©f < \ > • <^J> «^^ <%> «» i® 
•^ a < V * <\> ^^<%^ ^^^ ^^ ^^^ ^  ^ ^^^^^^* 
<t77> • • 0t145 • 0,052 i\y C5#8«) 
< f p » * o#t2K> • 0,108 < »^> C5*a5 ) 
<*;?;>» 0, IB5* 0*019 <a,> 0 .24> 
5*2*«5#1« f* * HiititUittlsmi 
itWMMaifW 
file f , <» ii«txiliil^€ii ^ i^mm mma t^« p«rtii»l«9 
MM-
a&6 s^ sir plsus !%«ft iMiiQ gliria in f i g , 3*6, 
Tift fj^ 9 ^otxibft^on ef i^frnmi pidfts olytaiii9<l by «»fias ls»«ii 





tia Het/e* Si^lar ttattlte «» IN * aiat»t%ttm«a» liste b»«i 
r^^re#a bar ^aiioii© voikea?©"*^ *®" fw t»i« ^btm^w pidiitt pioauosa 
pf^tme* d«ate20£i8» tvi^ ^ma m^ He^  fit neU %dl% « iu»i»si 
"Is M 2 
v^ ard ^« eon t^ant h l!a& (lffdx*«sit imlud f^ &M^emt 
pwetieles m& S mpmemte t**© total i»»isto«? ef «f eat® #ilc?i 
ie o1»taiiidd aftof ssMog aie odrvdetloiis foir t»i« smm^ximtl 
Imu ^# velii9 of It mrme^mMm to iidiitiiisi X t« glvtB 
Slio "^oaacss of ftt** to "^ o <&ita foj? 1^9 afeov® tlotirl* 
l»^0£i Hmoti^a 0,vm % oitiatioii© Cl»g^ afli<l (3*f6 > *i^ © 
bosB cPiee&od by t*it atthod of 9C« WltSi ^ e imlsit* of Is gl'^m 
ia tfie tyblOi ^^ fittiot p^obaMlitios fime booa foima to 
fX090li *S in &3.1 "^ o m@#a @xotpt f03S* slov yimn^ 
%® •'l^o^oot of flf* to tHe «ata 1^ th« ftatia:iit<l aistfi* 
mtitm fmetiono hm aXoo boaa eiio^oft b^ oaJloiilfttiiie th« iriiXvo 
of i\j/<r f #iorta-ts the otmieatd d«H»tt©a oadn I9 tht 
m»m aefifttion ^»fl&oi » i 
74 
cr 
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S | ^ flimt 
i 0 Ji t« 
508 4^  i 
4ft ^ I t 
I ^ J t l t 

























<lm4 miioftt t^tn /<r for imifv^ a iN^^»«itii3t 1?i9 |u • ^ e ^ * 
lm^«E8 df protoutt A«ttt«ftmsitf!ltm8 imd if<r li«v« ti««o fstmi 
?5 
to be ^ -^  0#8 Whieii la i ts mpmtmii ir«Xtt« tot « jmrmX ^atxl«» 
lmtlt«i« I t aty aim b« Eot«d that lt!« iriiiii« differ fm 
timt j^smm In %^ Vhi<^ jt« not Sa iMP v^tMRt %ri^ f»)« vaint 
i»cp«6t9d ita ^ » l««i« of the asimii ^otxiluttoa. 
tlio o^artiio ToStios of F« fox* ^ffi»Niit psrtiel^o lisvo 
also boiii «lir«e In fkblo ?tl# ^ « i^ ffov la <p^ § bitag %t 
stanAitA mpmwt to iMilePlatod fi*oa ^o f^tloiiliiff mtpmmS,m^ 
I t to i^ ^3Pt«Eit to point mit ^a t l^ o <%> ^ j^ono obw»vod 
lioro lo oo!i|^ a%3>l« to them roportoa lusr o1ls«p *tittto3f»^^^ 
tor f&^ 3us pfoasooa in hfttro -^^ tadfon ooliifloao* 
1^ 0 l^ t * ^atzllmmoa for I»ir oaonor |4<»19 liso <dito 
btoft ihomi in Hg^ ?*6* I f a iio:nii mm* i« iuioiia»d for tho 
oxpofia^mtal ^otxilmtioii l^o valttt of oonotiat li io foimd 
to U CO»OO60 Cl^f/o >*'t ®5io f i t lias lioi» j^oiitt to #i« 
f i furt* Hio irai«to of X^^^^ ^ i * ^ ^ f^t « t^^ o^ ^ ^or 9ix 
doffpoos of fmtiihm^ Vhic^ eorreopott^ o to irosrs" OIKU, i^ rol»t3l«> 
iit:f« ^tiot ^^« ttaaanroroo aeaofttus dlotrtlni^oii of oloir 
pioao do«8 not foUov a aocml j^ttom* fh9 «r«ntf• iralno 
of tMmm^rtm mwmtmh < Pj^ > § tiao l»t«i f oi»ia ^ tm 
?8 
mmam' 
tAl ^9 09mtB hm^ htm el«88l^«il late tliXM ix««pa» 
<i> B. < 4, Cti) 5 < a. < t «i« ( l i l ) a .> »• Hit viJliiM 
n • # '^  ^ 
liiiya trnm giMm la % 1^» ?•## 
fiibU 7«4i 7ftXtt«« of <|u) ia v«xlou« iiit«rr«S df ifeoir«r 
ftjptl^l^ 1 <IN^ CWM 
wfc»iW«iijiili(iliWBMi<;ilii<lliiifc iiiM»iirwi.::iiiii|[iiiiiiiiiii)a»iii 111 111(1 iaiiiiii«iw>wwi»w>»B» 
|MM«MIMIMIHI|I|W 
niiinmi! 
D^tt»Dii» 438 jt £4 4B Ji ^ 455 M 3% 
fn^m m^n 5fOjt«t mx$f 
i|«'««a<Kli^  4S0 ^  6f 4 ^ J; 10 50$ ^  $i 
th» Aliovt tAlit|« slioifs that th® i?alii(ie of <]P4> of imr 
IftiUviaii^ jpirHoiot nitfiia i»?3M»]mi »iniiii tho mm' In l^o 
mx%9 j0rtemp9 of mmtn* fkm th% iraliio of < f • > •#»• ^ 
di^^i »fm ^0 slioifffir liiltlplioitf* for I^ I»MI p«»«aota Sn 
'^7 
l3ftdi»ti«»liminsi colli s&o&Si m siv^lgff veml% %«• ^m <ilit«latd 
#niiiMMIIMIIMIMiailMHlllllHMaMIIMHll^^ 
«i;te^  iNdia^ Tiottt i s obo^rt«d in th« py«a«at mp&giamt for 
o^er ^rti<ii«ii bbt lidi* th«9« partiolte 1^ « irwrifttioii of 
(^ I^  ) idttt tlie sml^ &t 3Sd»idim lifta ttten found to t^ 
Zn I1^» 5«7 v» hmo aloo plotted Hi® ttr«7»c« ftb90l»t« 
irml.«M of ^mikm9apm mtsmiiamt ^ \ f^ | ) § titli m^pmt to 
t^« ixici« Of e8&8«ii» of fast at «»U so otoit ^ono in l^o 
0 H oystoa C 6 0^ ) ^^i&od by t^« iaoidont p2«»teii m& s 
miM o^oii of t»ie iitioi«io« Xt io ooon fzo» tkw I^ Ueitsro tliftt 
< I f« I > z^eaSno aXaoot ooowto&t* Xt i s irozHi Matioiiiiii 
that hf 8l^d|i»g Hio trmm^em mtma^m dtotfilxi^oii of 
ilioiror pioaa {H^dneei in p]fo^ »»»iiiioiooKi i&tomotioiio at 
H 0o?/o ia mioloar ^nittioiit Tlflt®^ boo o(sie2iaaod 1»!at ^pj> 
iO iftdOpOO^At of &|y^ 
78 
3.2A.S<4, Tan«tt<m «'<»«> *i^ "»»» of the rsHldatf 
l»irill|ii|lllllllljllinil»llllllllillTBi[|ll|lllili<rilllllll»lllMllllfilllllM<«^^ 
li«f« b«fi& glTi^ Im fi^t« ?*f« t% m^im^ i^mtti tP3Bi Hit 
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dii2t«r(»i«i ^fitonsf t«%«tieX«l i^i alow piim» fiair* l»«iti 
elim«ft i» f i t * 3*9* ^ * flaf^afftaoatttll^r o^ MSV d^ p^^^MmWL* 
W^mm for pfotoii«t amt^ ppao mit l^tocui !i«fe IIMKI fotmd 
8^»«y»» f i t to tlie ^tA fern m.tiwmt pajrti^Ui tarn $ifm 
is IKibit 9»§ tCMi9t%«p viH^ tha eozvtii^auift mmmew ai^ Kiifirlft 
Vftill« of iO(Qfflt».^ iB|^  tl»«8tltll% <iP||t> « 
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sai^i i^vd JO "01^  
80 
fimMm wiHt %# '9amm #f tit© «ai^lmt» i^ ffR la ti# t^til« 
©lit ii«i»t iti«% «inw*iit»fi0miia et tifi%B» «Ei« Hr tvp^i^a i ^ 
I t g i a ^ li&i t^nm «t Ql,*^^ ta 1»i« i i^ l . f i» Sal««M5M,«Si warn 
pittl^ft «ififl|{»i@ INI %gt« rnlao ^ i^ ii '%«t '^t mif #i^t #iiysiMi» 
t«tii^«» f^ m% %w i>iif^ i^ «8 igf^ i fiiitiiuft "R&wmmtg ti# 
9|l • ^s1^iBtii»iif#if ^ « %§ |i^ E«^ f^ «« «ui iiMn l^e H«» 
%$ mmm 1m ^ m.timmt i^i^ px^^bif #« %& 3A^9 
« »,« b ,« points «,t 1^ w»y « « « « 7 ' ^^ '<» 
"^t »iWs»3,« p^i0i« pim&i«^ sn tft %«d2«Mifti«iim o^Ulalflaiii 
In ew^m t» «s*^ s^s* 'Wif j?*iBl*8 m f||, f&^  pl-in» idHi -tit 
ftmmtm mst @f ^ m mmlt^ m ptmin In ^ t € K ^ i t ts t 
9m ^ fltttd tftlt^ %rii|| hf m m§mmnml mg^M,Mttm 
r ^ . "1 
81 
f^« Ti^«s e€ '^9 e<3i&%tm%i « fia4 te %m% hmm tmm^ ^ li» 
^mm m^xf^%^ hf l |«s 0% m%J^^^ for i^ ii»^ » fp»a»«ti In. ^ttiss^s^ 
!*«ift»^ |a.t©i!^ cM®iat at 3S mA t tt?/«» l i t iil»^« # s t i t » 
W I ji» «t lO.^ ' ' for ,AoB« p»a«e<>a ia ; t lat<»»m«>» . t 
%t P|l * ^@^rli)iiti€» i)f sikm pimm htm t^lm- %9i& 
^ ' 1 1 ^ t£ Htm i^mm 0&m m&% fiillai 1li« il8^ll»iti(§ii iimctl^ oii 
82 
5fti&*6,«$« W^m^^m of < | p^i 0 m ^<$ mmm^ m%t%ptx^tp 
mmmmmmmmmmm0mi(tmmmmm0mmmmmmmmmmmimmmmmmm^ 
€ l f f iMWi t t a i f ^ e l i f t IB' ^*m ipHSfflf* » f «t« i i t« •» 3»g <^  4# 
«l|Mllt|llWlWllW'IM«l>IWW»l»l<l»«WWIII^^ 
F«rtiel«ii 
- • laMWWMaNtalaial i i iaMiMimMatl^^ 
I ^ <jf | | |> («•?/«> 
<iiiiiiiiiiiiiiiiin!iirwiiiiti<ii>iiiiniiiWjiiiiiiBiiiJ|(iiiiiiiil>«iii<H*N^^ 
m t ^ « i te^TO i l l J 15 I44jfe I f 
^m^m m a ?^ i f « a 51 510 a «f 
t #W©1 l ^ 576 Ji 5t 484 a 44 4«€ a 1^ 
S|«M ^l ia^ ^S ^ 4®* 10 ^5a t 
t% m^ l i t mm ttom %« iiel»l# ^ « t t n l^ i l i i afsms t^ ' t i t imUt* 
#f < I t i l i > ^ vm t»^irtii»gi pitmetft lUBi %• i ^ t i t 5 f ^ i 
S3 
ittit,6,% i\f%\\ } ^onn* ttiiAt •< SiAratoai 
mtmmmmmmmmmtmmm0mmmmmmimmmimmi'i>''mt-
Xn f&g« %10 Hit imlfiea of < f^ ^ ) f«if ^fotautt d«^ 
t«3»»iftt t H ^ ^ ana Wr«2»iel«i ha9» Ntwi |)l9$ftd ataHifrt' 
inodim* anguiitr iiit«fv«X» iM #t« tm^m^ws^ ifstas* fer 
tli«8« pta^i<it0» t^ « TftTia^eii «r ^ t | | > ^ ^ ^^ i««l« of 
•Bifislfiii i t mm 10 t)t ^li ltr* fht mrtiRiCt tbttlntt iraJLutt 
of loii«i««iiltzitti »otia<liiR» < I 9 | | 1 > « v t^ ««ajptQt ^ tht 
anglo of oMtaion in Hit 0 X tyttts for fti^ em v^X «t tloir 
pim» hm9 t lj^ l>ttn liioiai in Hs» %%Q» t% i t tttn fvea 
1^ 0 £UElxiPt tl^tt tilt < j ]p|| I > dt|»ifidt ttxosiil^ on /^ 0g fox* tht 
fatvt as irtli at thm aiov pioaa* 
It isBi' lM» poiatta out t^at tlit j^lot Imfirtiei < f^ ^ > ani 
t^o a»ft2# of tM^ tg^ OB in ikn lalioxmtotar i^tttut ^i^^t i i 
ir^mteslijr sot ttu^ta Hoon^ tt i t dots not «<M« to fivt wi' 
ittoftti iafOfisatioiit ^ovtftTi Hit irasiatioii of a paraaotoVi 
^ i dtfIntd l»^  tht r^l&tioiii 
%^MiNi m i s tht iKttt 9 | | io ^ t loi^i^^tdiaal aoatatiis in t^o 
labeza^]^ e^tts ana S i t th« total tativi' of iSh% pi«» 
^iti^ting "l^ e tfaokf idtls (9|^ |^  hao INWR fftqiifBtijr atadit4 
i!i liadx«aN%aai«ii oolliaio&8« wt hairt plttted dv%rmm 6^ ^ |, 
830. 
FIG, 3.10: Ca) Variation of the longitudinal momentum 
of secondary particles with the angle of 
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0 20 SO 100 1 ' f^ 
8cMiDEGREESl 
< i U 
riG.c»'10{b): Ya,riation of the average absolute value of 
longitudinal momentum of fast ajid slow pions 
in the GM system. 
84 
for pXm* {O a^aeea in eoUislcms with nml^ ifig^ %%%m )« 
Siie aolid miT« in fh« figsirt le the aire^ ms* f i t to ftll 1^ « 
foiiatft* It io of lat«r«a(t to note t3t«t a gisLlaar #m»iot«7)» 
loties ham ^ima oiNiowoa l>y Ma and K«»f sod ^«la'^* for 
piffitm f^ foaaeod £a TTmS m^ ^^ ootlioioaflt Mwm mmlt 
«^ir« h9m iroproSneoa i» H&* %%ih fm 1^9 pmpsM^ of 
%Bi^%4* pM ^«miB f«| of flmm in 1ii« QM S^^m0 
A ^ftttor plifit \mi^*m p^^ t^d p^ of plono in 'Sto 
0M MfBtmt ia islioim in fif« f»f@t« It nur ^ «•«! fmm tiio 
flfittvo -^ mt tlio 9oiat« mf vxAt&w^ diotillatod Anmiid th« 
^ X,« « . 0 « 2 ; u « « ' L « , . ^ « . p » * e . sn . - . c o m * , 
ozio «»t for tho piurpooo of ooapaztooti vo ti«vo prosmtvd tlioir 
fiaiiiiio in fie* 9*f£^ An ultwasatiiro tm& mrt eoaeotily 
«i««4 vftir <»f piottlnc P|| iroFvtto p« in ^ o OHO in uttlcfti <»ay 
flio ft!»oolitfo iTfiiiioJi of p« aro plottoil i^ yMast p^ *^ fh9 piot 
thttft oUtaiaod ooB|?of«9 voil idfh ^ooo o^tainoa %^  Hora*^ ^ for 
pioao proitoood in l^ «ii?oiiff^ «apoii oo31i«iQii« m% 16 aeT/o« ^nia 
i^d Sliiirpiix&^^ ^ 1i«ipo ^90 reporloi « oisiaar rtooit for 
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cti o • 
ftfl 
ct3 ft ft 
c/3 Q) pq 
i1iiiini,iiiriiwi«iriiini niiiiMiiii m wwwiimiii 'iiiimw iw>ii>iiwiitiMMWWMiiMiiwiii<»iii^ 
I t wt^ tm ootad tmm f§^% 5«5 "ttat < j f ^ [ > iiu»i?«i8«i 
fit < ) f I I I > ftTt n ie i l j x«pfo#io«i 1^ fhn fioll<9ifliis ^i^ifieftl 
vlKiir^  £* «)[id ft* di7» eonstanta m^ M is ^ « as»t of His f«ir^» 
ele in uslts of piston s«w« A plot «f l«t < I f | | |> ^^eu* 
log U %tt» btm flfhcmn &» Vlg« 9«t5« 3$ie ¥altt«# of ^o ooa«t«iito 
^ axia a« !i«vo lio«ii fooaa to INI ium^m 4t 1*00 > SiT/e mA 
iO^^O J 0«00t > voopoetlTo^* I t flhmad l)t poiiktoa otit thmt 
ttioiraliie of ( |p| | ( > for ploa. dowinot a t in tht lOioiro 
oilpixloal. x^Uitloxu 
In the foU^ifiiis ooatitm iro #mll prooiRit tho ea^a^^ 
aititia, xtiulto of U 0«f/o psotoas ifttit t i# i t iC96| laioXil of 
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«l% i|| • § itfii I m^%^ mt lit ^•ttite^ %• ^tm>$B §€ <%>« 
i li|j> t <i|^ > *i8: cm^y $m ill. %i i^WMi lA-ii i s 1^ $^ f i«f« t«iip^ MiNN 
Mw0m ^mmt WsmB^ Hit' if^Am t t ^ tfg> %m 93Lm imm mmm^ti 
m4 mmm mt t@ ^ Cf#ii j t « ^ f l i ^ ^ Mtiypft l i t mmm «f 
iii»lil '#1^ myliitf 
fiMi t»gi*mi» t t %> • »^g> Hoi i^^ > i^ti i^^ ,> In MMmm^ 
iMl^immmm-^^»9 ^mm i»mm m 1^« %U9 I t any ii» mm, mm ii« 
aiPift Hist <:i^ > » ^  Sg> i ^ < ti^>§mmmm Wmm^ ^m ^l^« Hi* 
87 
f l i t f i t i « aiimm m Uttt fii^om* f«ir ^ « » t l ^ ^f i»&ai»fixt«^^ 
v« ti«rf« 1^^ i^ oim t ^ ^iatii WmH' £wm Mmm^m^m ^ t a * 
Qf^nmm mm idtin in Hit i^iM^i^ %ti«' f&F lij^tiwit 
FAX?fll!^# 
iiiiiiiiiijiiiiiiiJriii>iiiiiiii.iiiii>iMtl>i«»»iiwii»i 










Variations of <n^y , < N^> and <N^> with <N^> 
in different <[N/>inter7als for the s t a r s with 
2 < \ < 7. 
88 
ftlAftf* %9 miemm^^M mU9 tm tb« mm tf iiiMiff simiip 
i f « ^ ^»f i i ikt flap «t«rt < I > f f w l i # t i ^ a ^ l a ©ay 
i3^IH^»ais't 1» C1#^ Ji 0*06 ) and ll!«t»«ii«^r 9 t ftlmr f i ^ « pm 
imlQ»« ©f < » > f < * ^ > f < ^ > 9m^ ^ a^^ *»3P A U t»i© « ^ » i 
l i l l ^ f ^ 1 ^ ^  t ii7« *«i f«©ti i r«l j ' C l»1® ^ 0#0# t ( 5 * ^ j 0*09 > t 
( 4 « i f J^ 0*11 > i ^ iC I v l i Jt t*14 >« Vlitfiftft % • eG:i»#8p^ai^ 
fF«||i«a |}f tN.#s« ' f f t i»»%«^ f 0 t t i l t slftF* ffotedlug' i^ Um plsiia 
Mi^ lsr hm^m ^ms» .l^ e svitii wm0m at ii^ i^ «3P« gi9|r m-i 
89 
fi^tsti* m^ emlmmmt Mm imv* t i t tup IMMKI^  filntti @iit l» 
kB tM^ tw: ••!» i^ i i lit* :^ yi»«tf Hi* t» f9wr •%^i^da mm msf^ 
l#si^ 4# lUBMfftiaii, nliiii8ilBfci.af...iiiaaiiyir. ,^gMt^ti# 
^#2ll##.1» 
ilniliHiiiiliiliWiiiBllil.WllliililiiMWiiMW' 
l i t i^ wEiMp mimm #f jp« f^t ^£t«Mit f«fUel.«» htm 
liiii«iili<wiiiii*iii<iiiBiir]riijiii'WiHJi»iiiiijiiii^i»wmWj>»iiiiiiliirii«^^^^^ M M M I W I i r i l t M i H I i H M i M l i M I W I M H ^ ^ 
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^mttM^^ifti tiTtt^a sM mWit s)l«m«» f l i t I N « #ii^Filmti^i« 
#f fsi9l^ »i« 1 ^ ieettx«eitt stir M il^ft«3 1^ ^ « i»]li»ii|]!f 
mmm t^ m^h mm &m»^m%9 ^em "mtimn mm ilt«i la Hi* 
m^m9 %it»« l^« f i t la 0imm. im %• llgitsit ^ t foilfivv 
imWetsm ieWm • aoisiii mutt* im f o p ^ t» f« • l i d t i l * 
"tit pc»<^  irtii1i«l4«K» 
MllMllrwilwItlliminwJMilllilltllliillllinwWilWlwtlili'ilni**!!!^^ 
%• follotflfiiE t i l ^ i^sifft Hit mxlfttleii nf ^p« >feif 
t i l l * 5«f» liiiuHi 0f i f |> 1^ ir«id#iis teitipnriaii of #ioirtif 




Oat aqr •«• i^n ^9 aSb&w9 HW^ Hmf <p^>df ff»i^9 «aa 
i«tit«9»Kii tdfhin ezvoir HaltAt asm emtt^mt ta alt th« #i?9i 
$»sai»4«1lt l^pmOmim ef < S»f ><8^  ^« And* At B«litaiiiii 
1lh« tiiglft df «iil89leik la Hit lali«» wsftftmt tmif pmi^om and 
vith lls« angls of «ii.iHaQii lm» ^mm foisii ^ %• 8ltii.3«r» 
It i»^ lift ]iot«a f»Da f«l>l9 %B that <|»|^ >iiiof<Q»»tft 
irith tli« wetm «f th« pup^olt* tills invriai^ Mi i t tiaite 
ivgaliue* fiijr pm^Dm»% ^mtmsm m^ %Aimmm fay Hits* 
^uPtlnlss < Pf>^» »^o^  tmmM to lit ytlat«i iHtli l$it ms* 
• f t^« pAVllf^« ^ tiiiificft}, ?tl«tt«ii siv^iii 1^ •q^iifttifiti 
(?«aD# tlii fmlnvo ef Hit 09iiit«Eitd X «&a n mm i^tpta* 
tiv»ljr(289;&t«01 )]^?/e i»d{0*^jfeO»Ot )« ltfoilfiii» 
f mil tiH» ?«8 that Ibta tm 9%m i^%m» %• mi% aataiilitd Uf 
nifti an •»s^xieal t«lA^<«» 















































O CO S 
fi 03 Ctf 
f 
92 
•ad alow ^&im hsy* bna i^dna in HB» 5* 18* fhm obMPxmia 
P|l « #»^tlRittsa of ^Eoteiift and d«iit»xQii« «i7 1i» ^ttftd 
I m^°< for ff&t{ffiMi mA &m%i>mm mm gUmm l a Hh%9 f «I0« 
for mMmem^ pmB%i0%m ism^ also h%m glvia IA HI* tataOUi* 
f a H t 34.101 VaiuM ^ < lP | | l > $ h m^ < 1»w ^ittwgmt 
11 iwiiK III ijiiiii.iniii, mmmmmmmmmmmmmmmmmm»mmm»»ii»mmm •iiwiiaiwmwMiwiiitwwp 
S » 1 rv/ 
i 
fz«^tt« i S 8 a ^ 155*0$ O.0OSI 
BfatM»s» 155 £$$ 17*0$ 0*0014 
fyltaiia 
^ a ^ 
5^1^






faliiyi 5#I1 tihmm ffie vaflatim of < {p^ ^ \ > i^Hi 
jmltkp%Xe%^» n^f fOF pz^ toos and dantafona ia thipat <xoii|»8 














































I w i w^ f • ' 
Jfllllllri1»illi>li>l«l»iMi»lWllwl«llWIIM>W^^ 
ipiiiiiiiiTir»i[i»i>iiiiiiiiiii»iiiw»iii«iwii»!iiin.iii«iM»i«>iw»^^ 
WmB .|p»vi>» #f «ri8itft« Urns %• iit«i»st imis* of | w%% \ 
^ tmt €^s^m^ opm ^% 0imm «i t^f l i i^f i r* 
«HM«MMiMIMIIMMlia«kH«IM«lll l«MIN^^ 
@f «i&8i^ «iii iJ9i Hit tA% im^^m im ps^^im imd iml«s«m«» I t 
|*^«S«4t Vd9l«m@& @f < I f | | I > m HISS ^ %• fciptliat^ 
liiiliiaiiiinii«iiii.iii«i!iwiiiiiiwiililpiii>iiiMwiWiitir«ii»ii>ii:iiii 









































te iNi «i^yi^<tS tm ^%m psix^^^m ^ « V^IUM of l i# 
<i^ »isgBf» P m^ a* tot* iuMttt mm^ u %t (fl#*1^ a 1#i5 5 
p i t Hilt mt i%s,i» «* < I t | l \ > ^ ^ 93yew i^ ««s» ^ M m% 
So 
w»m%t» im rnmm^m^ pweU&tma pwomei^ iM t^» i»t«i*ft0tl©»i 
l a 1m1^ tit© (msa» < % > » ^ ' g ^ ^"^ *'^ *l>^ ixmwmm Wamg%w 
idfh: < ^ > la diff^PWEit^JJ^^iatafti^ti* W6i^mfme§ fh© el6i«» of 
m Wt9 mt le —^  tc^t^il f*8p«§Mwlj ia ^ « im«« ©f hmm^ m t l ^ 
II3MI f«ir l i # i t m^l9A Hiia » i f i t Is ^ 1|i5il# flni»t «»tt^ia 
1^« l i» i t» 0f ®ta^sll^i& ttjmisi l i l t m^o <»f « i^Md^ £r«%uia<» 
titts Iie1ir»«a px^tmmf ^mtmmm m^ tfttmitt lum mmm i n Ii«c9^ 
M v t l l m i n l l # i t ipsttp* of i«iiii«i« I t lifi« ^mm tmm& thitM 
l a eai^ * f l^ «*rir melM. t l i t iraiufts of < i > « < ^^ > t ^ ^ > 
&ad < a^> fdjf ftlim |)i#a .p^iMsiiNl stafs fti« C7*l3i^0«!ll^» 
i^mmm ^% mimm^mM.m^ v^um fs t ^U flie stiift ^ s ^ 
fitsffy imoit^ m?© C4*5T Jt ©.O^t (tOtfO j : 0»14 )# Ct5#^f ^ 0#lt) 
«aa(t«33 jt %%2 >« fo:p l i i ^ t a&03.«l ISke wtOmu of tlioao 
i^xviwitoys foi> nimt t^&m pi^^elng t^ ta^o aire Ci»50 s 0*41$ # 
98 
«3#^ Jt 0*lt >» i%m s 5*?« ) aafi CS.30 Jfe 0*9§ > i^«?wi» «??• 
mt»m of < »« > • < *^li > t <^  \ > «a^a^> foar al t lh« stami 
^ # ^ tii#tt imaXci are ir«o{»fl»tiv«i|r Cl»9& j ; O#0i >« 0»SS a 
§*09 ># C4t6T Jt O.lt ) «1|<I (^#$9 t 0«14 >• Hi i i wttiiit iiimf» 
li§fls leSaSii &f imelsit l|»fKyt«rf tli* wmm mt0»t of i^ cmtyt 
start i» fitter m&u$. ixmmmtim W ^^ 1#f ^ ana ^ ta i ta i* 
liiralf a» eoapsxaa to t^alv aoy$«^oii4|iig valiiaa far a l l alata* 
la U# i t aoal^ tlia vaapaatlira i»afa^<Nff|Baxa''1f)(» 7^!^  and Ui^ 
iiliieli is aiailav in letli t^a fitoupa of isiaM* 
In a<!tttioii to l^a alwfva xasttXta t^art ara aaar o^ar 
raaulta s^sfardliv P| asd p|| of aaeantolaa i^lc^ rotaal 
alidiailtlaa Isatvaas tha avaota ^ a to tiaavjr «eid il«ht «»mpa 
of imalai* tor axa^^lat ^ a valaaa of <^  9i > <ui v<*^ ^^ 
O » „ 1 > ot tt».r«t pwtloX.. vroax^d da. t» th« latM^ 
aetitoi of iaoosing piotoiio irll^ fiattty imalal ara mam$ wHMn 
l^a U t i t a of mrmvt aa thair eoi«ao9<maiiss iralita in oaaa of 
iatanatioas with U# i t xmelal* ^nltavl^t tha p*'^ aiatxi* 
liatioiii as naH aa tha i»|| <» aiatziliiitlona %mm h^m o^axvall 
to h9 ^ idl«r its hQth Ura oaaaa» fk9 iraXttaa of < i^ ^ v^  and 
< I f | f I > ^ stents IjTing in diffatant intarvala of nlho^ ar 
euitifUoity Itiifa bean ol^afvad ^ Da oonatant in l»oth tjii^ta 
of ntiOM* llifaovari ^afiationo of <; p^ > ana ^ | f ^ ( > v i ^ 
97 
la i»i#i 'ti« m»m tor ^vcitoiui m^ ^m%»vmsi* < pm > iw3d#« 
C0»5i it 0#®9 ) to ©»»• ^ f iMmw mmt^ milii'Jms %^% > *»^/e 
m^ CO#fi j ; &«0l ) la mm» of 3ll#it fiimJKd* miA%&nw§ ^ {9|| 1 > 
ftltN> 7s«i«»e Ito^etir wllh 'flit SMI» »f "i^ t pitii?Mei«« ^ t x i » -
sii»ilid inOutt tf <({ fIf I > ^ ^ ^ ^® mB%B ligf tt li^»i f«Rm4 
to to « t i r f l« . bjr .«pt«eal r,tatl«i c« th« & « < | p „ (> s 
I*' # « flit iraUato ef '^.t e@iiiiteat» ^ an^ a* «r» ^reep^Uirel^ 
C SiOtSO ^ 1*00 > l^v/e 1 ^ C0«I8 a 0*6010 • fojp Mi^« mml9& 
I t i» time tmm ik% ^liott Usat ^ « avtadl fe#i«irl<*ar 
Qf #!t ^ai*iiit«fienie0 iif ^i*i^ea«9 «it%tti tmm Urn "^m tpemp^ 
#f «9«iits l9 iumxtj '^v di^ siii Mso flit mmtmH^ alkmm^rkt^tiM 
p7i»te¥l^  fHa iii^^si«B ef iBt«»i0tt&i| la %efli His aui99 I t 
t i i l f t «li!lliir« 
In tiie l«s% f9if ymMm I t Ims ^mm vrnMn^A tliftt %• 
sttt'Sir of f^ Qif9f» fttdaedi In lii# mtngr i^ill«loaa @f psrU* 
<i|«s Dllii i^ieM taijr T«9m^ mm iM^wmMmm f«gi»filiif %• 
98 
ii^iii^tts #f aottltt* f«f^0t« pm^eHmk iM ha.^em'^^mm 
iraHi^ s lof < ft >^ 3^f ife@iri» $i^ 9ii m &m %mm mmm out ^ tm 
i9tli^im»« fli« < f« > df ^m» %m9 imm &Tmtmm€ to imwmm 
99 
mwmx^mh <^  | P« \ > • ^^^ ^ ^ fotmA to rmmiM mlmvt mtmtmt 
idth xm&pmt te thtt mgi^ of ti&saida in C V s^ttBf ff^^ 
A idliEilar reattlt %«8 also batii otitaiiuM! ^ ?isic^ for ptoot 
pa?oiNiei in f^t^ roi^ wliftifott eoiliiloiis* 
A» mmt^ to l ^ e l ^ a i a ^ aoaontue m»te§MM.<m§ mmmH 
iih«tmt9ti»He9 of #idM«ap pioas pipodnoeA in tift&roii>»ii£t6l.«a« 
iiitosae^oiia ^tve eJl^ l^«i oliseTyod to \m aiwAtsjf to thoso 
pxQiuood in !tfta3Rm«i!adzo& oolUsloiui* for mmmt^t / S^ ti { **" 
^otfilutioii of (tioiredr fions iM GK ajrotMi %«vt Itfon fotiad to 
lii ^Ul iNitistlod hf f i^»«atisl iitttHM^on fiifiotioa S&TOH 
% oftiation C5«30 ) ^liii^ i« oo&i^ aifmMo for ^^so pxti^ood in 
Ii$a2too*^ a<lvoii eoUiidl^ iyi^ ^^*^^^* Sii&3ja(Lir# Strpm&ms^^ of t^« 
mmmy f on 1^ 0 mgk^ of t^lotioa m lab. .rstoii. ^^^» 
Cfig* ^•llfid for ij^mm pro^moS ia l$ftdzo^si2oX«to iiit«»iotloitt 
hm ^«» fo»&d 1^ 1)0 i^ aiUft? for tho i^ons jproioeod in f^ aayon* 
li»iroti iiiti»8etioi«i»® •^ ^ f^ 
In ftSditioii ^ ^ o abovo rotmitst n roo^il aothoa for 
ooi^^rlng t^o reimtts for lihoifer pious proi^eod in Itainm* 
%ftdreii liRd ltadiiR»Mi!]Oloiis IntovaoHoiis i s tlit aoattor plot 
botirooii P | | «ad 9|^ in fh« 6 £ o^otott* flii« plot i« isont« 
ftttiy Icnoisi fts ^Popii plo¥ t iilfielt i« aPtcwn in Hg* ?*lt« It 
liii« l»ein oljeortot (i^gt ftlta) that for ^ t pioao pit>dae«a In 
100 
iBttll weemm fH.# mm irmliits of f« m^ p^^* Btt^ime mm%^ 
hmtt ^tm ^m H'l^ ftwei % wittilisiis mii'^ oi '^**^ '^^ ^ f©ip i^mm 
tt i« irertlt iamMmim %^i^ ^^^ lasat »t Hit cf«i3mii«» 
pin&a sm ^£f9£^it# for eicft^iot p|^« ai^atxilii^iii #f 
p£o%}S0« iN^tiss^mif t s i f cms ^  lf«^»aiei<d l» ir^Ul- ^ t t t a % 
Hid ii0e»}. ^.dtfttemofi :^ffl@tl0ii ^ir«a.l9f 9fnfttlm Cf«ili > 
i^ «j?i*»t Hi© f||*#.«%iiiiitt« ©f iiitvejp i>i^tt i» mmt^ fitted 
fi*©i^ ef t0tm®t |fi©tti» l&»»0t^t < f f > aai < I f | | | > iml»«a 
©f pve'loQSt ieiit©xoa©t t s t ^ m eiid t t ^ %g7© .I^IMII fosucitf t© lie 
ana i3*y$ ) t^if^nif ^ « iralot© ©f ^ P« >*f*^<l»|| > ^®* fimtm 
p%m» i© n©*! £lt %•©© fi^isteml f«I&tl©i!^ # 
1 0 1 
file &Wm assipd® ©f tfit j^nnlts ig^ms ^mt tli0 pmi^m 
f«ifoii-iwiii««iii m^ h^imnmh-m^msi eeS.|iM®a» awr found t© ^ 
•#ii#li f**!! |»t©a® mm fwineed f»»» ^iptlelpa^ea »f ^ieas la 
tijlt^jj^ aufi We^  airt pm^m& t»««w#* «©t» iatep^dtat p»e«st» 
eolUolisttB way ^^# ©®B» i a ^# . t listo '?t»l<«ia i»^«is ©f laiitj.*-
aJfsma^ in. Ch«|»t»r l# If om ^ t^t Mugl® «t«p m^lB i s 
l>»&eei la fN© fijpst iat®w®M<m «i% s nselton v t l l fmrtlier 
#!.sfi^t^Rl»tle» %ftll. 1» ^gBiaesatlf &Lfimm% fmm those-
pf©ai2«9S ts l!s^ is^ i»l»a^ S5ii ©ellisl^i* Slfftltfiti- la »«i l t9 
®a M^mmt f i t s t ^»»&eei la cellinlti^ ¥ l ^ isneltl ssstf t^oa* 
•pi?©ise©fl.lii aolli^da® ni^'iawleeaw «^^st® Hiat p»elmte3^ 
102 
I t is vnrfli smiii,*!^m ^9m ^sf few hmw iB>@l.@i 
^m 111: i^ {i«e 13/i pmf. mlMi^m» at « §i^tm mmsi^ i t t *wgl«w 
i» ^%%» fliissf ^1 «0# #isit ^ « ^#1% #f aleif fi©3s» S» 
p»»ttel€ti& ®ad pi^ f e&|-liil<»a» fm» afti^Klnt^If In t^t fit^t 
0f 111* On ^ e ^oels 9f Hift xelftltvt ^siSft i»f a^Lm ^ma 
iTOiatat piN»tQii is^ts m^mt #ire» edlH^ean intld^ « %m9f 
pmtm mtmm&tB mmmn^irely ¥ l ^ fb« £ni@l«cai insii® fim 
fliis inmli tli®B sifin #iat Hit ^ ©asentoi mal«sK» • e ^ t i i ^ ^ 
tm03SM^§ tt at ullp 'tei i^« p»&aiistl©tt of ,lli«^ p%<m^m fet 
elov floma i^ ms pm^hty imm His ^ia^ imt@l<ia ^NI IIII@I@IIS 
©f ^ 0 8^0ti» Mxm& la ©i^ li «ie©iait«r« thtsist «tia«i©'to'»» 
i@ti@» Qi ^m pim& l^mr^": t&r o, ^oM«»0t% iwsliaxilse @f 
iiittXQi^citt i^l^isi mm f&smei ssad "t^^ ^v* l is t ^ »ilM«» 
fsrfcltl© 'Hisil iitt% 0«t^ift ti# i»i#ls!«»* ll«t 1liti?9f®«»i 
fstl -Itimt ^ « s^ym flc^i e^ -ao fwe f*t Im mmm^ t i l i ef 
tlie iimt-m ^mB §m^m& In gii<»9i^ lir@ isolUsltiui of ^« 
10 {> 
^1F$ fomi 1il»it < f j ^ > tft tlUe90tlir f xtptr^eiml t» His mmmm 
wm% Qf ^ * imii et f^t |^«i^o].«a« ^ « titliftttli mint df 
pf9ilE^M«m &f %msirtL®w fssenmtt igid Hint mmt is£ lli« Dic^ 
1 0 1 
I t %m %eim ^aist i^t i In €lu^t«if I Hist m Hit pxtiNt^ 
m§m mw im^f!»fft In #!• i i t a^ §f laie^soiMiiiiiliiis liitsiiiiliiieyi 
•i^^iilwaiN^ e%»$ii^ M«im» i l l * ffa^«8» #f pearti^alar »&^l . 
i«iiitt m Ikn iHpNHMMMit 'IdliriHP 1h« i^«»l.»9a^i1l m& t i t 
§m^m& 1^ ^ iitoiMi mifMmm im Hit at^t i^ei i i ^ s^iittm » 
m^lmm mimmUm». m% %i# tatm^t i* %* i^sKietsitt loTtiiNiit 
m l i l t tm m^tn %m9 ^mm m.mmmm^ la €istttt3r X* it iai 
fwitt itt #11 t i t i n ^ t iirleaMiMtaft l»^# t l t i^ hmm &,.mmm& ia 
t»i9^ td m^b^iii^iiii ^ t #811^1^ t f 8to»« mitsn^Mtisuit 
In %t pytifi it i^st %t ^«&iawi %tt l»tim UafVttMiPi'ltA 
^ l^tr$^i!iiisg "i i t gofOpit t f mtHifflgitttitii t f t t t x t t t f i^A 
I f itttt«itM<»at 0f t4 Otf/t fsttfUit l a i$ iMBliiltii t t i ^ * tt# 
Ii«t9 tm^iwti' f l i t t f i i i f t t i ^ t m t i ^ 1^ aiiri^ ^yEig flita l i ^ t 
10 
\ 
1^ < 8* fh9 mmt9 i d ^ %^^ *^ ^ min^ ^M t» Hit oolli* 
criimft vlth !i«Kfy i»iet«i. l»t th« ftiiit» niHi ^ < ® M^ eeatidii 
Is9fli irl'^ hmerf tm max m U^Kt gxmpB ef m^t l of imedlMr 
iiBBlstoii* Stot tht ^ ^ #f til* amtijr^* i t imil! I9mt 1$»« «xiet 
eliax«etM e^1 f^i» of ^ * ««t<im^ K^ltoel^ f»il«ea amiiunisfsi^ 
ttct* 1mm fm$B en ISiv tnn^t of Hit ••eos^ toifr pir^eXaiit %• 
Mltid^* 9f Yiftetit ssMiiiitwmiit* h»m 1mm ^mummA in Clii^tit 
II« Siiie« i t i« not p9Mil^« to mik9 wmmmmm^n «» «U ^ t 
tfii^Sf ft ««i«e^(»i eit^xiim htm ^mm in^ttfi to t i i tet tHt 
tmcilc* fey niMMKiimaiiita* %m UmH ivfultt a^fvt tbm lmm 
ii^f^i$3ma ef ttr atOdtai pi«^i^ ^mm^iom Ikw Hit !»•» fimi t t 
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imei«ti« ooili«ioa» hm» ^mm ef^mmH to IMI ^ilittv to t^ ooo 
piodiseoa i» luiiniiii^ lieiaMm mtoiniiitiftiii. Ifianr «^mmmt9wi»^m 
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